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Commissioner for Patents 
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Alexandria, VA 22313-1450 

Dear Sin 

1. J. Christopher Grimaldi, decjare and state as follows: 

L I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080, 

2. My scientific Cuiriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. 1 joined Genentech in January of 1999, From 1999 to 2003, 1 dnwted the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses, I am currently involved, among other projects, m the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses m the assay entitled 'Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts, 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of flie 
investigating of several newly discovered DNA sequences. This process included developing 



Applicant : 

Appl. No. : 

Filed : 

For : 

Examine : 

Group Art Unit : 



AppLNo. : 10/063^57 

FUed : May 2, 2002 



primers and analyzing expression of the DNA sequraces of interest in normal and tumor tissues. 
The analyses wctc designed to determine whefli«r a di£f^ence exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a san^le from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue ^e. 

6. In differential gene expression studies, one looks for genes whose e^cpression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-qijiantitative analysis of the expression of the DNA sequences of 
interest in nonnal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to iijdicate the aniount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal coxmterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold differrace in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in rapression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; a^in, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if furflier 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge fliat willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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EXHIBIT A 



J. Christopher Giimaldi 

1434-36"" Ave. 

San Fk^dsco, CA 94122 

(415) 681.1639 (Home) 

EDUCATION Univereity of Cafifomia, Berkeley 

Bachelor of Aits in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



Gwientech Inc., South San Francisco; 1^9 to ^esent 

Previously, was responsible to direct and manage the Cloning Ub. CunenUy focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted 'Djmor Protein 
(STOP) projects for the Oncology Department as well as ImmunologicaUy relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential thsaapeutic use (SPDl). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
Aousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. CoUaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology 
Interacted extensively wiA the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed 
implemented and patented high throughput cloning methodologies fliat have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI. TAP and Curagen projects as 
well as dozras of other smaller projects. 



SciMitist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in muMpleppojeets aimed at understanding novel gaoes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophUs in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
clonmg, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numnous technical.staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/9 1. 

Directed plant-related activities, which included expansion planning, maintenance, safety 
purchasmg, inventory control, shipping and receiving, and laboratory management. Desi^ied 
and implemented the safety program. Also served as Uaison to regulatory agencies at the local 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department Trained and supervised 
personnel to carry out the above-mentioned duties. 



University of Califomia, San Ftandsco 
Canc« Research lostitu^ 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypennutadou 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;I4). and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5- 
.translocation in I»itemia padoits.. * 



Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 

r^ponsible for generating genomic Ubraries,sqceenmg with degenerate oUgonucleotides and 
charactermng and expressing clones m E. coU. Also constructed a geneiral purpose expression 
vector for use by otha* sciraitific teams. 
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assessment" Genome Res. Vol 13(10), 2265-2270, 2003 
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mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; VoL 65(6). 846-53, 1999 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-SteffiiM: H. Randall TD, Lund FE, 
Murray R, Schuber F, Howard MC. 'TVIice deficient for the ecto-nicotmamide adenine 
dinudeotide glycohydrolase CD38 exhibit altered humoral inumine lespwises." Blood Vol 
92(4). 1324-33. 1998 ^ mooa voi. 

8. Fiances E. Lund. Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher 
Grimaldi, Troy D. RandaU, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling throu^ murine CD38 is impaaed in antigen receptor unresponsive B 
cells." European Journal of taununology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Goimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
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and embtyoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J. Christopher Grimaldi, Sriram Balasi|bramanian, J. Fernando Bazan. Armen Shanafelt, 
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faununology.Vol. 155(2), 811-817, 1995 
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CD38 mduced signal transduction." Iht^ational Lnmunology, Vol 7(2), 163-170, 1995 
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Howard. "Murine CD38: An imnmnoregulatory ectoenzyme." Immunoloev Todav Vol 
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B CeU Activation Marker: Homology to Human CD38." Hie Journal of Immunology. Vol 
151,3111-3118,1993 ^ 
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Bmton's Tyrosine Kinase in Iramunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 
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Correlation between Protein and mRNA Abundance in Yeast 

STEVEN P. GYGI. WAN ROCHON, B. ROBERT FRANZA, and RUEDI AEBERSOLD* 
Department of Molecular Biotechnology, University of Washington, Seattle, Washington 98195-7730 

Received 5 October 1998/Retumed for modiiicatioii 11 November 1998/Accepted 2 December 1998 

We have deterraiDed the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillary liquid chroraatography-tandem mass spectrometry (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated from serial ana^sis of gene expression (SAGE) frequency tables (V. £. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M . A. Basrai, D. £. Bassett, Jr., P. Hieter, B. Vogelstein, and K. W. Kinzler, Cell 
88:243-251, 195^). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of difTerential 
display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as we)] as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference 11) and 
the transcriptome of Saccharomyces cerevisiae (35), which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-polyacTyl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patjerns with sequence databases (10, 22, 
37). Sophisticated contputer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast 5. cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufficient for predic; 
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FIG. 1. Schematic iUustration of proteoine analysis by 2DE and mass spectrometry. In part I, proteins are separated by 2DE, stained spots are excised and subjected 
to in-ge) digestion with trypsin, and the resulting peptides are separated by on-Hne capillary high-performance liquid chromatography. In part 11, a peptide is shown 
eluting from the column in part I. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadnipole mass filter allows only the specific mass-to-charge ratio of the selected peptide ion to pass into the collision cell. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random but occurs mainly at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series arc recorded simultaneously, one each from sequencing inward from the N and C termini of the peptide, respectively. In part III, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
analysis because multiple peptides are identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict cither the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be veiy challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND MFFHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for all experiments was YPH499 {MATa ura3'52 fys2'80] ade2-101 
leu2-^l his3'^00 trp]-A63) (30). Logarithmically growing cells were obtained by 
growing yeast cells to early log phase (3 X 10* cells/ml) in YPD rich medium 
(YPD supplemented with 6 mM uracil, 4.8 mM adenine, and 24 mM tryptophan) 
at 3(f C (35). Metabolic labeling of protein was accomplished in YPD medium 



exactly as described elsewhe^ (4) with th\s .-Axception that 1 ml of cells was 
labeled with 3 mCi to offset methionine present in YPD medium. Protein was 
harvested as described by Ganels and coworkers (12). Harvested protein was 
lyophilized, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -80"C. 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor 11; Pharmacia Biotech). Immobilized 
polyacryl amide gel (IPG) diy strips with nonlinear pH 3.0 to 10.0 gradients 
(Amersham-Pharmacia Biotech) were used for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidet P-40, 10 mM dithiothreitol), and 250 
to 380 )il of solution was added to individual lanes of an IPG strip rehydration 
tray (Amersham-Pharmacia Biotech). The strips were allowed to rehydratc at 
room temperature for 1 h. The samples were run at 300 V-10 mA-5 W for 2 h, 
then ramped to 3,500 V-10 mA-5 W over a period of 3 h, and then kept at 3,500 
V-IO mA-5 W for 15 to 19 h. At the end of the first -dimension run (60 to 70 kV ♦ 
h), the IPG strips were reequilibrated for 8 min in 2% (wtA^ol) dithiothreitol in 
2% (wt/vol) SDS-6 M urea~30% (wt/vol) glycerol-0.05 M Tris HCI (pH 6.8) and 
for 4 min in 2.5% iodoacelamide in 2% (wt/vol) SDS-^ M urea-30% (wt/vol) 
gIycerol-0.05 M Tris HQ (pH 6.8). Following reequilibration, the strips were 
transferred and apposed to 10% polyaciylamide second-dimension gels. Poly- 
aciylamide gels were poured in a casting stand with 10% aciylamide-2.67% 
piperazine diaciyIamidc-0.375 M Tris base-HQ (pH 8JSy^A% (wt/vd) SDS-0.05% 
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FIG. 2. 2D sUver-stained gel of the proteins in yeast total ceD lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometiy and database searching. The spots arc labeled on the 
gel and correspond to the data presented in Table 1. Molecular weights are given in thousands. 



(wt/vol) ammonium persulfate-0.05% TEMED (N/^^'^'-telramethylethyl- 
enediamine) in Milli-Q water. The apparatus used to run second>dimension gels 
was a nonconunercial apparatus from Oxford Glycosciences, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (const ant)-500 V-85 W for 20 min, followed by 200 mA (constant)-500 
V-65 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and silver stained according to the procedure of ^evchenko 
et al. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels. In-gel tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
CTOcapillary LC-MS with automated switching to MS/MS mode for peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2; 250,514 protein sequences) (24a) by using the 
computer program Sequest (8), which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-correlation scores. All protein 
identifications were verified by comparison with theoretical molecular weights 
and isoelectric points. 



mRNA quantitation. Velculescu and cowbrkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as described herein (35): The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single tag 
is usually generated from each mRNA transcript in the cell which corresponds to 
15 bp at the 3'-most cutting site for N/olIl. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per cell (16), this would represent 
a 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72% probability of detecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide se- 
quence, and performed the calculation as described by Velculescu and coworkers 
(35) was wrinen. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF), (ii) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in the 
frequency tables, or (iii) identical putative SAGE tags were present for multiple 
genes (e.g., TDH2^YEAST and TDH3^YEAST). 



Vol. 39, lOT CORRELATION BETWEEN PROTEIN AND mRNA LEVELS IN YEAST 1723 



TABLE 1. Expressed genes identified from 2D gel in Fig. 2 TABLE 1— Continued 



Mol wt 


dI 


Spot no. 


YPD gene 
name" 


Protein 
abundance 
(Itf* copies/ 
cell) 


raRNA 
abundance 
(copics/ccU) 


COdon 
bias 


Mol wt 




Spot no. 


YPD gene 
name" 


Protein 

abundance 
(10^ copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
Dias 


17,259 


6.75 


133 


CPRl 


15.2 


61.7 


0.769 


39,477 


5.58 


86 


FBAl 


17.8 


183.6 


0.935 


18 702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


39,477 


5.58 


87 


FBAl 


427.2 


183.6 


0.935 


18 726 


4.44 


147 


YK1j056C 


61.2 


88.4 


0.831 


39,540 


6.50 


150 


HOM2 


60.3 


43 


0392 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


39,561 


6.12 


156 


PSAl 


96.4 


27.5 


0.718 


19 108 


5.04 


130 


YLR109W 


94.4 


9.7 


0,680 


41,158 


6.01 


49 


YNL134C 


14.9 


13 


0316 


19,681 


9.08 


136 


ATP7 


11.0 


NA'''^ 


0.246 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


20 50S 


6.07 


111 


GUKl 


16.5 


3.7 


0.422 


41,728 


7.29 


110 


ERGIO 


24.1 


43 


0343 


21 444 


5.25 


148 


SARI 


5.4 


10.4 


0.455 


41,900 


5.42 


74 


TOM40 


223 


2.2 


0.375 


21,583 


4.98 


95 


TSAl 


110.6 


40.1 


0.845 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


22,602 


4.30 


80 


EFBl 


66.1 


23.8 


0.875 


42,883 


5.63 


67 


DYSl 


15.8 


5.2 


0326 


9^^ n7Q 


6.29 


112 


S0D2 


12.6 


2.2 


0351 


43,409 


6.31 


107 


SERl 


103 


13 


0.292 




5.44 


137 


HSP26 


NA'' 


0.7 


0.434 


43,421 


539 


91 


ERG6 


2.2 


14.1 


0.408 


24 033 


5.97 


96 


ADKl 


17.4 


16.4 


0.656 


44,174 


7.32 


56 


YBR025C 


13.1 


6.0 


0.684 


24 058 


4.43 


143 


YKL117W 


29.2 


10.4 


0.339 


44,682 


4.99 


72 


TIFl 


2.9 


39.4 


0.834 


94 ^S"? 


6.30 


140 


TFSl 


8.1 


0.7 


0.146 


44,707 


7.77 


108 


PGKl 


23.7 


165.7 


0.897 


94 ^ifi9 


S RS 


99 


URA5 


25.4 


6.0 


0359 


44,707 


7.77 


109 


PGKl 


315.2 


165.7 


0.897 






07 
y / 


fiSPl 

yjor 1 


263 


5.2 


0.735 


46,080 


6.72 


30 


CAR2 


15.4 


NA'^ 


0.495 


94 QHR 


R 1'^ 


122 


RPS5 


18.6 


NA*" 


0.899 


46,383 


832 


53 


IDPl 


7.7 


0.7 


0.436 


Z3,UoJ 


4 


R1 


MR PR 


93 


NA*^ 


0.241 


46,553 


5.98 


47 


IDP2 


32.4 


NA*" 


0.197 




O.UO 


no 




5.8 


0.7 


0372 


46,679 


6.39 


50 


ENOl 


35.4 


0.7 


0.930 


9<i '17ft 


y,Jj 


197 


I\x Oj 


96.8 


NA^ 


0.863 


46,679 


6.39 


51 


ENOl 


6.6 


0.7 


0.930 


ZO,*l 0 / 


^ 1ft 


inn 


VMA4 

y SvLrVr 


10.5 


3.7 


0.427 


46,679 


6.39 


52 


ENOl 


2.2 


0.7 


0.930 




^ ft4 


Oft 

yo 


1 All 


NA** 


NA^ 


0.900 


46,773 


5.82 


63 


EN02 


15.5 


289.1 


0.960 






yj 




o.y 


0 7 


n 190 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


0*7 


O.U 


11 ^ 


VI4nn4QW 


1R4 


2.2 


0320 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


Z /,4 /Z 




09 

yz 


Y1SI1 ninw 


^1 ft 
DIM 


7 

Owl 


0.421 


46,773 


5.82 


66 


EN02 


31.0 


289.1 


0.960 


Z /,»loU 


ft CK 


IZJ 


\Jrml 


inn 


169.4 


0.902 


47,402 


6.09 


126 


CORl 


2.5 


0.7 


0.422 


Z/,4<>U 


ft <K 


194 
IZH 


rspMi 

\jarmi 


9*^1 4 




0.902 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


Z /jHm) 


ft 


19S 
JZ3 




7 S 
/.J 


IfiO 4 


0 009 


48 364 


5.25 


73 


WTMl 


74.5 


13.4 


0365 


Z /,cSUy 




1 jy 


HOP 9 


S 7 
J. / 


0 7 


0 ^R1 

U.jOI 


4R S30 

'tO,J JV/ 


6.20 


61 


MET17 


38.1 


29.0 


0.576 


97 ft74 


4 4A 


7r 


I O 1 1 


13.6 


52.8 


0.805 


48,904 


5.18 


69 


LYS9 


16.2 


3.7 


0.463 


zopy^ 


4 ^1 


41 




4.4 


0.7 


0.147 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


Zlfjl jO 




114 




14 S 


2.2 


0.283 


49,727 


5.47 


70 


PR02 


13.6 


5.2 


0.297 


90 944 


R 4A 


190 


DPMI 


5.0 


11.2 


0.362 


49,912 


9.27 


62 


TEF2 


558.5 


282.0 


0.932 




<\ 01 
j.yi 


4R 


PRF4 


3.4 


3.7 


0.162 


50,444 


5.67 


35 


YDR190C 


4.8 


2.2 


0.228 


jU,UiZ 




I'^ft 
1 JO 


PPR1 


91 9 


1.5 


0.449 


50,837 


6.11 


32 


YEL047C 


3.8 


1.5 


0.387 


jU,U 




77 


RMI41 
Divin 1 


14 7 


28.2 


0.454 


50,891 


4.59 


151 


TUB2 


11.2 


7.4 


0.404 


ofk one 

ju,zyo 


7 04 


191 


nMP9 


f>7 4 


41.6 


0.499 


51,547 


6.80 


27 


LPDl 


18.9 


2.2 


0.351 




U..>*T 


RO 
oy 


GPPl 


70.2 


11.2 


0.703 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 




^ S7 
J.J / 


RR 
oo 




13.9 


3.0 


0.402 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0.442 




s 4fi 


1 

1 ID 


IPPl 


63.1 


3.7 


0.752 


53,798 


5.19 


71 


HXK2 


263 


7.4 


0.756 




o.uu 


140 


HlSl 


22.4 


4.5 


0.232 


53303 


6.05 


145 


GYP6 


4.4 


0.7 


0.147 




5.35 


84 


SPE3 


15.1 


6.7 


0.468 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0.664 


34 465 


5.60 


129 


ADEl 


8.7 


5.2 


0.305 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


34 762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


54,502 


6.20 


31 


ADEl 3 


63 


13 


0.417 


^^4 707 


5.85 


42 


URAl 


49.5 


8.9 


0.237 


54,543 


7.75 


25 


PYKl 


225.3 


101.8 


0.965 


j*T, lyy 


6.04 


90 


BE LI 


103.2 


81.0 


0.875 


54,543 


7.75 


26 


PYKl 


39.8 


101.8 


0.965 


35 556 


5.97 


43 


YDl 124W 


6.4 


4.5 


0.206 


55,221 


6.66 


146 't 


-YEL071W 


163 


3.0 


0.244 




R 41 


59 


TDHl 


69.8 


32.7*^ 


0.940 


55,295 


4.35 


134 


PDIl 


66.2 


14.1 


0389 




5 49 


68 


CARl 


5.2 


3.0 


0.339 


55^364 


5.98 


24 


GLKl 


22.6 


6.0 


0.237 


35 712 


6.72 


117 


TDH2 


49.6 


473.0^ 


0.982 


55,481 


7.97 


118 


ATPl 


21.6 


2.2 


0.637 


35 712 


6.72 


154 


TDH2 


8633 


473.0^ 


0.982 


55,886 


6.47 


28 


CYS4 


22.2 


NA' 


0.444 


35 712 


6.72 


155 


TDH2 


79.4 


473.0^ 


0.982 


56,167 


5.83 


33 


AR08 


14.3 


3.0 


0324 


36^72 


4.85 


128 


APAl 


8.7 


0.7 


0.425 


56,167 


5.83 


34 


AR08 


9.1 


3.0 


0.324 


36358 


5.05 


75 


YJR105W 


1Z6 


17.1 


0322 


56,584 


6.36 


20 


CYB2 


18.9 


NA'^ 


0.259 


36^58 


.5.05 


76 


YJR105W 


273 


17.1 


0322 


57366 


5.53 


60 


FRS2 


2.3 


0.7 


0.451 


36^96 


6.37 


79 


ADH2 


58.9 


260.0" 


0.711 


57383 


5.98 


144 


ZWFl 


5.6 


0.7 


0.215 


36,714 


6.30 


102 


ADHl 


746.1 


260.0 


0.913 


57,464 


5.49 


36 


THR4 


21.4 


3.7 


0308 


36,714 


6.30 


103 


ADHl 


17.6 


260.0 


0.913 


57,512 


5.50 


7 


SRV2 


63 


NA*^ 


0.260 


36,714 


6.30 


104 


ADHl 


61.4 


260.0 


0.913 


57,727 


4.92 


152 


VMA2 


33.7 


8.9 


0346 


36,714 


6.30 


105 


ADHl 


52.7 


260.0 


0.913 


58373 


6.47 


17 


ACHl 


4.4 


13 


0.327 


37,033 


6.23 


44 


TALI 


44.8 


3.7 


0.701 


58373 


6.47 


18 


ACHl 


5.4 


13 


0.327 


37,796 


7.36 


57 


1DH2 


29.4 


6.7 


0330 


61,353 


5.87 


21 


PDCl 


63 


200.7 


0.962 


37,886 


6.49 


106 


ILV5 


76.0 


43 


0.892 


61,353 


5.87 


22 


PDCl 


303.2 


200.7 


0.962 


38,700 


7.83 


55 


BATl 


30.9 


11.2 


0.469 


61353 


5.87 


23 


PDCl 


163 


200.7 


0.962 


38,702 


6.24 


46 


QCR2 


NA** 


2.2 


0.326 


61,649 


5.54 


38 


cere . 


2.2 


13 


0.271 
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TABLE I— Continued 



Mol wt 


Pl 


Spot no. 


I tru gene 


Protein 
sbundQnce 
(l(y copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 


61,902 


6.21 


101 


PDC5 


4.3 


NA*^ 


0.828 


62,266 


6.19 


16 


ICLl 


20.1 


NA*^ 


0.327 


62,862 


8.02 


19 


1LV3 


5.3 


43 


0.548 


63,082 


6.40 


119 


PGM2 


2.2 


3.0 


0.402 


64,335 


5.77 


5 


PABl 


30.4 


1.5 


0.616 


66,120 


5.42 


8 


STIl 


6.7 


0.7 


0.313 


66,120 


5.42 


9 


sni 


6.4 


0.7 


0.313 


66,450 


5.29 


141 


SSB2 


7.0 


NA*^ 


0.880 


66,450 


5.29 


142 


SSB2 


2.3 


NA' 


0.880 


66,456 


5.23 


10 


SSBl 


64.5 


793 


0.907 


66,456 


5.23 


11 


SSBl 


59.0 


79.5 


0.907 


66,456 


5.23 


12 


SSBl 


13.7 


79.5 


0.907 


68,397 


5.82 


82 


LEU4 


3.1 


3.0 


0.407 


69,313 


4.90 


13 


SSA2 


24.3 


18.6 


0.892 


69,313 


4.90 


14 


SSA2 


77.1 


18.6 


0.892 


74,378 


8.46 


15 


YKIj029C 


2.8 


3.7 


0.353 


75,396 


5.82 


6 


GRSl 


5.5 


7.4 


0.500 


85,720 


6.25 


1 


MET6 


2.0 


NA^ 


0.772 


85,720 


6.25 


2 


MET6 


10.9 


NA*^ 


0.772 


85,720 


6.25 


3 


MET6 


1.4 


NA^ 


0.772 


93,276 


6.11 


131 


EFTl 


17.9 


41.6 


0.890 


93,276 


6.11 


132 


EFTl 


5.7 


41.6 


0.890 


102,064' 


6.61' 


94 


ADE3 


4.8 


5.2 


0.423 


107,48r 


533' 


4 


MCM3 


2.7 


NA' 


0.240 



" YPD gene names are avaflable from the YPD website (39). 
^ NA, calculation could not be performed or was not available. 
' raRNA data inconclusive or NA. 
No methionines in predicted ORF; therefore, protein concentration was not 

determined. 

' Measured molecular weight or p] did not match theoretical molecular weight 
or pl. 



Protein quantitation. [^^SJraethionine-Iabeled gels were exposed to X>ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
0.6-ml microcentrifuge tubes, and scintillation cocktail (100 p.!) was added. The 
samples were vortexcd and counted. In addition, two parallel gels were electro- 
blotted to polyvinylidenc difluoride membranes. The membranes were exposed 
to X-ray film, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/methionine was found. This number was used to quantitate 
^1 remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolically labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted half-life. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-end rule (33). When the N-terminal processing was not known 
experimentally, it was predicted based on the affinity of methionine aminopep- 
tidase (31). 

RESULTS 

Characteristics of proteome approach. Nearly eveiy facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (1,2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig. 1 and is based 
on three principles. First, proteins arc removed from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (QD) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identilicatioD. Yeast total cell protein lysate (40 p-g), 
metabolically labeled with [^^SJmethionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyaciylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by sDver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tiyptic peptides NSGDIVNLGSIAGR (Fig. 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/cell. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and^]0ethods. FoKthe proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copied 
cell. 

Selection of the sample population for mRNA-proteIn ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e., 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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B 
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9G6.4 




1200 
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FIG. 3. Tandem mass (MS/MS) spectra resulting from analysis of a single spot on a 2D gel. The first quadrupoie selected a single mass-to-charge ratio (m/z) of 687-2 
(A) or 592.6 (B), while the collision cell was filled with argon gas, and a voltage which caused the peptide to undergo fragmentation by CID was applied. The third 
quadrupoJe scanned the mass range from 50 to 1,400 m/z. The computer program SequesI (8) was utilized to match MS/MS spectra to amino acid sequence by database 
searching. Both spectra matched peptides from the same protein, S57593 (yeast hypothetical protein YMR226C). Five other peptides from the same analysis were 
matched to the same protein. 



migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codon bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6,000 predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2^00 genes. The 
distribiUion of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
Nrend rule [33J to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues (11). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 
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FIG. 4. Current protcome analysis technology utilizing 2DE without prccn- 
richment samples mainly highly expressed and long-lived proteins. Genes encod- 
ing highly expressed proteins generally have large codon bias values. (A) Distri- 
bution of the yeast genome (more than 6,000 genes) based on codon bias. The 
interval with the largest frequency of genes is 0.0 to 0.1, with more than 2,500 
genes. (B) Distribution of the genes from identified proteins in this study based 
on codon bias. No genes with codon bias values less than 0.1 were detected in this 
study. (C) Distribution of identified proteins in this study based on predicted 
half-life (estimated by N>end rule). 



mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The^tgchniques arr* fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 
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FIG. 5. Correlation between protein and mRNA levels for 106 genes in yeast growing at log phase with glucose as a carbon source- mRNA and protein levels were 
calculated as described in Materials and Methods. The data represent a population of genes with protein cxpressioii levels visible by siWcr staining on a 2D gel chosen 
tomdude the entire range of molecular weights, isoelectric focusing points, and staining intensities. The inset shows the low-end portion of the main figure. It omtains 
69% of the original data set. The Pearson product moment conelation for the entire data set was 0.935. The correlation for the inset containing 73 proteins (69%) was 
only 0356. 



Staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points^ and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. Inrst, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulatory functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If 
the 1 1 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for ail yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
This method is highly qijant it ativei)£cause it is based on actual 
sequencing of unique'^ags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highty similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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FIG. 6. Effect of highly abundant proteins on Pearson product moment correlation coefficient for mRNA and protein abundance in yeast. The set of 106 genes was 
ranked according to protein abundance, and the correlation value was calculated by including the 40 lowest-abundance genes and then progressively including the 
remaining 66 genes in order of abundance. The correlation value climbs as the final 1] highly abundant proteins are included. 



than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with p^S]methionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometiy. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro> 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidase (31). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometric techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most likely because relatively small amounts of total 
protein (40 |xg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any ^tentially emigrating protein would 
likely be below the limit of detection of the mass spectrometiy 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel, as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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FIG. 7. Relationship between codon bias and protein and mRNA levels in this study. Yeast mRNA and protein expression levels were calculated as described in 
Materials and Methods. The data represent the same 106 genes as- in Fig. 5. 



activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posltranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that are used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02_YEAST (775,000 and 289.1 copies/cell, respectively). 
ENOI YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), buU^ie expression of the two 
genes is differentially fegulated. Specifically, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFTl, TIFl, HXK2, GSPl, EGD2, SHM2, and TALL 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There are thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
every examined yeast proteome study (5, 7, 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher eukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-fold the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Noraial 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in tiie 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A), 



Dear Sir: 



4, In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, inctoding over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, dius creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et al., Pathnl Anmi^ 27Ptl:l 65- 190], or chromosonml translocations such as t(5;14), 
[Giimaldiefflil, Blood, 73(8):2081-2085(1989); Meeker etaL, Blood. 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, &e gene product is a promising target for 
cancer ther^y, for example, by the therapeutic antibody ^proach. 

5 . Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene imder-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
dififerentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expressioii of the gene product in the presence of a particular over- or under-expression of 
mKNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willfid false statements and the like so made ate 
punishable by fine or imprisoimient, or bofli, under Section 1001 Of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

Date: ^1 /^IV^^M 
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J* Christopher Grimaldi 



1434-36*^ Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 



EDUCATION 



UniversiQ^ of Califoniia, Beikeley 
Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. ©mently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted TUmor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (isPDI). For the SPDI projec 
ray duties were, among other thmgs, the critically unportant coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes dirough the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple projects aimed at understanding novel genes discovered through 
bioinformatics studies and fimctional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical.staff. 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program: Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department Trained and supervised 
persoimel to carry out the above-mentioned duties. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 
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SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AEDS-associated lymphomas, and cloning of t(5;14), t(ll;I4). and t(8a4) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;l' 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic Ubraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coU. Also constructedi a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary R Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Qarissa Chui' Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman-"BFrr, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Clontag, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical ' 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG. Fong SE, Dugger DL, Pham T, 
Yansuia D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW,_SchwalI RH, Eberhard DA^uJRasteUi L, Polakis.P, and Pennica D. '*Overexpression of - 
the Retenoic Acid-Responsive Gere Stta6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid.*' Cancer Research Vol. 61(10), 4197-4205. 2001 

4. Jeanne Kahn, iFuad Mehraban, Gladdys Ingle, Xiaohua Xin. JuUet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CT')* Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(& 
1887-1900, 2000, ^ ^' 

5. Grimaldi JC, Yu NX, Grunig G. Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O^Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independenfly ligating CD38 and Fc 
gammaRUB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 113-9, 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffiier H, Randall TD, Lund EE, 
Murray R, Schuber F, Howard MC. 'Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral inunune responses." Blood Vol 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W, Solvason, Michael R Cooke, Andrew W. Heatii, J. Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C 
Howard. "Signaling through murine CD38 is impaired m antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. S. Guimaraes. L P. Bazan, A. Zolotnik, M. V. Wiles, L C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haraiatopoietic development in the yolk sac 
and embiyoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J,. Christopher Grimaldi, Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt, 
G^ardZurawski and Maureen Howard. "CD38-mediated protein ribosylation," Joumalof 
Lnmunology.VoL 155(2), 811-817, 1995 

11. Leopold© Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, L Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction," iitemational Immunology, Vol 7(2), 163- 170, 1995 

12. Frances'Lund, Nanette Solvason, J, Christopher Grimaldi, R, M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Todav. Vol 
16(10,469-473.1995 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopold© 
Santos-Argumedo, R. M. E. Parkhouse. Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. Nobuyuki Harada, Leopoldc^Santos-ArgumedOi Ray Chang, J. Christopher Grimaldi,*Frances 
Lund, CamilynnL Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R, M, R 
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol. 
151,3111-3118,1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Imraunodeficient XID Mice." Science, Vol 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Claric, 
Maureen Howard, and Debra A. Cockayne. "Genomic Stracture and Chromosomal Mapping 
of the Murine CD40 Gene," The Journal of finmunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Hemdier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgaitner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
Michael S, McGrath. "Evidence for Molecular Subtypes of HIV-Associated Lymphoma: 
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Division into Peripheral Monoclonal, Polyclonal and Central N^ous System Lynmhoma." 
AIDS, Vol. 5. 669-674, 1991 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Conlribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Medcer, "The t(5; 14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood. VoL 73, 2081-2085. 1989 

20. Tfanothy C Meeker. L Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
MaUgnancy/' Blood, VoL 74, 1801-1806, 1989 

21 Timothy C. Meeker. J. Christopher Grimaldi. Robert OTRourke, et al. "Lack of Detectable. 
Somatic Hypermutation in the V Region of the Ig^ H Chain Gene, of a Human Chronic B 
Lymphocytic Leukemia." Hie Journal of Immunology. VoL 141, 3994-3998, 1988 
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1. Sriram Balasubramanian, J. Christopher Grimaldi. J. Fernando Bazan. Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heayy Chain Gene 

By J. Christopher Grimakli and Timothy C« Meeker 



Chromosomal translocations have proven to foe Important 
markers of the genetib abnomuilities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-ltneage acute lymphocytic leukemia (ALU 
that was associated with peripheral blood eosinophllla. That 
chromosomal translocation t(5;14) (q31;q32) from this 
sampls was cloned and studied at the molecular leveL This 



translocation joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promoter region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eoslnophUla. 
e 1B89 by Gntne & Stratton, Inc. 



KARYOTYPIC STUDIES of leukemia and lymphoma 
iiave identified frequent nonrandom chromosomal 
translocations* Some of these translocations juxtapose the 
inunimoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the loukAmla sample. The restriction 
fragment pattern of normal human DMA (N) and the leukemia 
sampie (t.) were compared using a human Jh probe« Rearranged 
bands are indicated by arrows. Sample L exhibits a single reap- 
ranged band with both H/nef UI/£coRl and 5au3A restriction 
dlgeats. The rearranged bands are lees intanse than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



protooncogenes, such as c-ntyc and In this way, the 

IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generatioaof leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophiiia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.^* This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the jnterleuldn-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French- American- 
British [FAB] criteria), peripheral eosinophiiia (up to 20»000 per 
microliter with a normal value of <350 per microliter) and a 
t(S;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.' Briefly, 
10 /ig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
agarose gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium cilraie (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 
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lished methods.' Approximatdy 100 ^ig of high mol wt genomic 
DNA were partiaUy d*«ested with the Sau3A restricUon enzymes. 
Fragments from 9 to 23 idlobases (kb) in size were isolated on a 
sucrose gradient and ligatcd into phage EMBL3A (Stralcgenc, San 
Diego). Recombinant phage were packaged, plated, and screened as 
prnnously reported.* 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United Stales Biochemical. Qeveland).' All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;I4)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.^ 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4.(CD19). cALLA (CDIO), HLA-DR, and termi^ial 
deoxynudeotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKh Hindlll, Sstl, SaulA, and EcoKl plus HindlU 
resuiction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germfine configura- 
tion. 

We hypothesized that the t(5;14)(q3l;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the iinniuno- 
globulin Jh region on chromosome 14. Therefore^ a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The £coRI, HindUl/EcoRl, and Sstl 
fragments from done no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Rg 2). The IgH 
gene from Jh4 to the Cmu region appeared to be m germline 
configuration. Previously,- the gene encoding hematopoietic 
powth factor IL-3 had been mapped to chromosome 6q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. " When the restriction map of human IL-3 and clone 
no, 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the jujUaposition of the IL-3 gene and the 
IgH gene by nucleic add sequendng of the subdoned 
BstmiHpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding re^on or the 
messenger RNA of the IL-3 gene. The break in the IL-3 gene 
occurred in the proraotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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1(5:14) CmOMOSOMAL -rRANSLOCA-TION 

3A> The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of 11^3 in the same transcrip- 

the Jh4 region. Between the two breaks, 25 bp of uncertain tional orientation." Using tMs information and assuming a 

Orion (putative N sequence) were inserted." "* No se«juences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normaUy more centromenc, and the 

could beidentified in the IW sequence (Fig 3B). Therefore. GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nucleic acid sequendng confirmed the juxtaposition of tiie Furtiiermore, botii are transcribed wiOi their 5' ends toward 

lL-3 gene and the IgH gene. The sequmce data clearly the centromere, 
showed that flie genes were positioned in opposite transCTip- DISCUSSION 
tional orientations (head-to-head). . 

Available data also aUowed us to determine the normal In this report we have doned a unique chronwsomal 

Bositionsof tiieIL.3 geneand the GM-CSF gene in relation translocation that appears to be a consbtent feature of a rare, 

totiie centromereof chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

known to be positioned wiUi tiie variable regions toward the tion joined tiie promoter of tiie IL-3 gene to the IgH gene, 
t^mere on chromosome I4q.»-" It has also been shown Uiat Except for tiie altered promotor. tiie 11^3 gene appeared 

********* « • • 

********* , 

S ' CCAAACATGAGCCGCCTGCCCGTCCTGCTCCTGCTCCiUVCTCCT^ 6 4C 

S'AACGTCCTTGAAGACAAGCTGGGTTAAC 3* ggg 
3'TTGCAGGAACTTCTGTTC6ACCCAATTG 5* 



++++++++++++++++++++++ 

5 • TGGCCCCAGTAGrcAAAGTAGTA<aVG6TAATTCATCATAGCTGCG<»TTAGCAGCGTGACCGGCTA^ 
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Fb. 3 Seauenee of t(R14Mq3l!q32) breakpoint region. (A) Nucleotide sequence of the Bsm/Hpairiia»>^^<^c^J^f^ 

m«tWoBln» IB67I are underlined. Two proposed regulatory sequences In the promotor are meilcad by asttriste (positions 1U and 389). IB) 
S^^ra^e^eirnce of the t(B:14)(«01iq32» breakpoint region. The lgJh4 region i. shown with It. ending regnn. heiP«""«r. and 
^Z;:t:err^«eno.4.s Shorn wHhpuu.tK«Kreglon«.,u««^^ 

denotes the Mentlcal nucleotide between sequences. No heptamer or nonamer Is identified In the IL-3 sequenca. 



o 



o 



2Q84 



BP. 



3'<- 



HH-8- 



-5* 



GM-CSF 



3'f- 



IL-3 



-5* 



14 



1 1 



5'- 



bp" 

I 



Jh E 



HIZl-CDflCl- 
>3' 



t(5;14) 



□mxiiDo 



BP 

J- 



3'<- 



-5' 



GM-CSF 



3'<- 



IL-3 



-*3' 



igH 



Ikb 



Fin 4. Diagram of the translocation. The ttormal chromosome 
B«i31 is shown with the GM-CSF gene telomorio to the IL-3 gene hi 
the transcriptional orientation shown. On normal chromosome 
14ci32 the Vh regions are teiomeric. The t(5;14J(q31 ;q32) translo- 
cation results In the head-to-head orientation of these genes. 
Symbols are defined in Rg 2. BP. breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene."-" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of thec-myc gene in some cases of 
Burkitt*s lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-S promotor element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrtne loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that unmaturc B-Iineage lympho<^es 
and B-Uneage leukemias may express the IL-3 receptor,'**^ 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor."*^ 
Because of the known effect of IL-3 on eosinophil difTerentia- 
tion, secretion of high levels of 11^3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia." 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation."^" This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequwiccs. On the other hand, no recombi-. 
nation signal sequence (heptamer and. nonamer) was found 
in this^region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will eluddate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only ! 4 kb away (Fig 4). This 
is known to be within the range of enhancer activation." The 
interleukin-5 (IL-5) gene maps to chromosome 5q3I.^ 
Deregulation of the IL-5 gene by this translocation would act 
syner^stically with IL-3 in the stimulation of eosinophil 
proliferation and diffwcntiation." These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of acdvating multiple lymphokincs simulta- 
neously and whether they coopwatc in the generation of- this 
leukemia. 
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Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(6;14Hq31;qd2) translocation from B-lineaga acute 
iymphoeytio leukemia with eosinophilia has been cloned 
from two leukemia samples. In both, cases, thrs transloca- 
tion Joined the Igfi gene and the Interleukin-3 (IL-3) gene. In 
one patient, excess IL^ mRNA was produced by the 
leukemic cells. In the second patient, serum IL-a levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with hnmaii leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovezy or characterization of proto-oncogenes, such as 
bcl-2, oabl, and c^myCy that arc located adjacent to the 
translocation.'*^ It is now mdely understood that cancer- 
associatcd translocations disrupt nearby proto-onoogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophcnotype, eosinophilia, and 
the t(5;I4)(q31;q32) translocation.^'^ Leukemic cells from 
such patients have been positive for terminal dcoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic inmiunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality.' In this report, we extend 
those findings by showing that the t(5;I4)(q31;q32) translo- 
cation from a second leukemia sample (Qise 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patioits. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described.^** 
Clinical features of Case 2 have been described m detail.' DNA 
isolation and Southern blotting was done using previously described 
methods.' Hiters were hybridized with an immunoglobvlin Jh probe^ 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
<©NAprobe." 

Northern blots. RNA isolation and Northern blotting have been 
described.' Briefly, Northern blots were done by separating 9ng 
total RNA on 1% agarose-formaMehyde gels. Equal RNA loading in 
each Une was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5» a 720 bp Ssi l/Kpn I probe derived from inlron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa 1 11^5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNAprobe.*'>^'* 

Polymerase chain reaction. Primers were designed with BamHl 
sites for doning. One primer hybridized to the Jb sequences from the 
IgH gene (Primer 144:5'-TAGOATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the 11^3 
gene (Primer 161 : 5'-AACAGGATCCCGCCTTATATOTOCAG). 
Polymerase chain reaction (PCR) (95*C for 1 nunute, 61*0 for 30 
seconds, and 72^0 for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer hi 100 ^1- contauung 67 mmol/L 
Tris-HO pH 8.8, 6.7 mmol/L Mga,, 10% dunethyl sulfoxide 
(DMSO), 170 Mg/mL boi^e senun albunun (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IU5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting In autocrine and paracrine grovvth effects. 
© 1990 by The American Society of Hemetoiogy. 

16.6 mmol/L anunonium sulfate, 1 .5 mmol/L each dNTP and Taq 
polymerase (Ptrkm-Ehno*, Norwalk, CT)." 

Sequendng. Sequencing was done by cham tennination in M13 
vectors." As part of this study, we sequenced a subclone of a normal 
. . IL.3 promoter, covering 598 bas<^.pairs from a Sma I site at poshion 
-1240 (with respect to the proposed site of transcription initiation) 
to an Nhe I site at position —642. The plasmid contaimng this region 
was a gift from Naoko Arai of the DN AX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment fiom Case 1 
was cloned into the pXM repression vector.'^ Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloncd from the 
previously described phage clone 4 into pUC18.* The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the H^3 
transcription start to the Sma I site in the polylinkcr was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector ^thout insert Plasuuds were introduced into Cos! 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFi bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated feUl bovme serum, 2 mmol 
L-glutamine, and I ng/mL human GM-CSF." Samjdcs and antibod- 
ies were diluted m this same medium lacUng GM-CSF but contain- 
ing penidllln and streptomycin. A 25 ;iL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-weIl microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 mL 
was added to appropriate wells and preincubated for 1 hour at 37<'C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x 10* cells per well (final 
yoiame, 100 ^L). The plate was incubated for 48 hours. The 
xemamuig cell viability was determined metabolkally by the ocdori- 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at S70 and 650 nm 

<iytokine immunoassays. These assays used rat monodonal 
anti<cytokme atttibodies (10 iig/mL) to coat the wells of a PVC 
micsotiter plate. The capture antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, BUS, and GM-CSp" 
assays, rcqwctively. Patiwit sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for I3U5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagmts used were cither 
mouse antiserum to IL-3 or nitroiodophenj^ (NIPHcrivatized rat 
monoclonal anUbodles JESI-5A2 and BVD2-21C11, specific for 
IL-5 and GNKSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labc!cd goat anU-mouse Ig for IU3. or HRP-labelcd rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogcnic sub- 
strate was 3-3'asno-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were mtcrpolated from standard 
carves prepared from dilutions of the recombinant factors using 
Softmax software avaHaUe with the VMAX miooplate reader 
(Molecular Devices). 

RESULTS 

Ixukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the ^Trndlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). Whearcprobcd 
with either of two different IL-3 probes».a rearranged 14 kb 
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fniemeiit.coinigraling with thereacrangedJh fragment, was 
idenMe<L Whea leukemic DNA was digested with HtnOm 
ptos Earn, a rearranged Jh fragment was detected at 6 kb 
The IL.3 probe§.also identified a comigrating fragment of 
- Ous size. These expoimeitts indicated that the leukemic 
sanyjle studied was clonal and that a single fragment 
contamed both Jh and lL-3 sequences, suggesting a tramslo- 
cation had occurred. 

TocharactOTzcbetterthejoiningofthelL-agencandthe 
immunoglobuhn heavy chain (IgH) gene, the polymerase 
diam reaction (PCR) was used to done the translocaUon » 
A Jh p^merand an 11^3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product. Ctee 2 DNA 
yielded a PCR-derwed fragment of appradmately 980 bp. 
which was doned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joming of the Jh region with the promoter of 
tne IL-3 gene in a head-to-head configuration (Kg n 
Sequence analysis indicated that the breakpoint on chromo-' 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL.3 gene. 
We also determined that a putative N sequence of 17 bp was 
mserted between the diromosome 5 ind chroihbsome 14 
sequences during the transtocation event"-"* Figure 2 shows 
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the norn.,1 s^no.--" One breakpoint occurred at posWoS -462 and the other at -^34 (arrow!? VS^.iT^''"'"^^ 
t«nsteeattons reeulted In a head-to-heed Jolnlns of the I8H aero «ul the 11-3 gen^ 

gene IntKt. Boxes denoto the live VL^ exorn; restrietioR enzymes ere IB) BmM. (P) Itel. (H) /«» i (E)«ta^^^0U AtaJi 
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. Fig 3. Documentation of IL-3 mRNA over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Lane 1 
contained RNA from imetlmulated peripheral Mood lymphocytes (PBLJ as a negathre control. Una 2 contabied RN A from PBL stimulated for 
4 hours with concanavaliBn A (Cotiftl. and lane 3 contained RNA from PBL ctfmiilBted with ConA lor 48 hours. As In the posf^e control 
lanes(2and3Ka1 kb band was identtfiedfai the leukemic sample from f^asel «lane4. tower arrowKsuggestlng aberrant expression of the 
IL-3 gene. In addition, the leukemic aampla showed over-oxpression of an unsplfeed 2.9 kb IL-3 transcript (lane 4, upper arrow)* Wa 
d<^umdnted that this represented an unspllced precursor of the mature 1 kb transcript by showing that this band hybrldlied to a Uroba 
from bttron 2 of the iL-3 gene. A similar 2.9 kb band was detect inlanaV tuggosting that an a<-3 mRNA of thb sfaea Is sonwUmea 
detectable In normal mitogen-stimulated cells. Lane 6 through 1 0 represent RNA from sbe samples of B-lineage acuta lymphocytIO latdcemia 
without the t(5;14) trandocatkm. Indicating that only the sample with the translocation exhibited |Lr3 ovar-expressUm. Case Z couM not be 
analyzed by Northern blot because too few cells wero available for study. 



the locations of the two cloned brealq)oints in relation to the 
IL-3 gene. The two Gfaromosome 5 breakpoints wm sepa- 
rated by less than SOO bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-^pressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3exons under thecontrol of theSV40 
proiBotor/enhancer in the Cos? cell Ime. Cell supematants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supematants' 
derived from transfcctions using the vector plus insert 
supported TF-l proliferation, while supematants from trans- 
fections using the vector alone were negative in this assay 
'(daOTfibt shown). Furthennore, the bioi(^c alctivity codld be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately I kb) and a 2.9 kb 
unspliced IL^3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to tbe 11^3 gene and might have been deregulated by the 
translocation, no II^S or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). '^'^ 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of 11^3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL>3 levd was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 inmiunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3» IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of ncutralizable bioactivity in these 
two samples correlated very well with the dififerenoe in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
eithe^^^ti-IL-5 or anti-GM-CSF was consistent .with^hl^.. 
inability to measure these factors by inmiunoassay .and 



Table 1 . Perfpheral Blood Counts and Growth Factor Levels 
at Drfferant Times in Case 2 

SainpleData 





11/16/83 


1/16/64 


3/14/84 


Peripheral blood counts <cell8//iU 








WBC 


81,800 


116.600 


12.300 


Lymphoblasts 


0 


33.785 


0 


Eosinophils 


46.626 


73.080 


616 


Serum growth factor levels (pg/mL) 








tL-3 


<444 


7.89S 


1.051 


GM-CSF 


<15 


<15 


<16 


lt-5 


<50 


<60 


<B0 



Peripheral blood counts from Case 2 at three fSflerent time points with 
the corresponding growth factor levels quantlfted by immunoassay. The 
patient receh^ed chemotherapy between 1/1 6/84 and 3/1 4/84 to tower 
his leukemic burden.' No serum samples were avallBble for a similar 
anafyslsof Case 1. 

Abbreviaeon: WBC. white blood calls. 
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vertic^ «xl8, Senim from an three time ^IntB^^^ 

concentration of monoclonal rat antl-^L^ S^^S^^ monoapacifio by using a 1 «,/mL final 

inhibition Of i^olifer^n was evTn^tli^'J^^e? ^l^^^ ^''^'IT^'''''^ 

was not detected In this assay, as sntML^ did not alter TM proKfelw^ '»««mentlnfl aerum levels of 8.-8 on ttiose daye^-Sertim tt.^ 



indicated that these other myeloid growth factors were not 
detectably cfrculating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinopbiKa associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are withui 500 bp of each other, suggesting 
that additional breakpoints wHl be clustered in a small region 
of the IL-3 promotor. The PGR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene unptied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is t^e. 
In addition, neither GM-CSF nor IL-5 arc over^xpressed by 
the leukemic cells. Fkirthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other cluiical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolutfon of this 
leukemia.** The excessive IL-3 production that we have 
documented would be one feature of such an automne loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An unportant aspect of this work is the suggestion of a 
therapeutic approadi for this disease. If an autocrine loop for 
D>3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or blodc the interaction of IL-3 with 
its reenter may i^ove useful. Because it is also possible that 
the eosinophilla in these patients is mediated by the para- 
crine effects of Icukemia^erived IL.3,.sii3giilar interventions 
may improve this aspect of the dis^e. Antibodies or ' 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of tiie 
c-erbB-2 {HER-2/neu) Oncogene 

Timothy R Singleton and John G. Strlckter 



The c-er&B-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al,*^ who reported that DNA amplification in^ breast carcino- 

mas correlated widi decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfrB-2 acttvation in breast 
cardnoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and patfaolo^c implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-er2yB-2 activation, which has not been emphasized in 
recent revicws.^'^as.w The molecular biology of the c-erfeB-2 oncogene has been 
extensively reviewed^^'^*'^ and will be discussed only briefly here. 



Hie o-er&B-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B.^****''* HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erfcB." When the DNA sequences were determined subse- 
quently, c*er&B-2, ff£H-2, and neu were found to represent the same gene. 
Recently, the c-criB-2 oncogene also has been referred to as NGL. 

The C'erbB-2 DNA is located on human chromosome 17q21^-^^ and codes 
for c^erhB^2 mBNA (4.6 kb). which translates c-^bB-2 protein (plSS). This 
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protein is a normal component of cytoplasmic membranes. Hie c-^r2)B'2 
oncogene is homologoas with, but not identical to, c-ertB-1, which is located 
on chrcmosonie 7 and codes for thc epidcnnal growth factor receptor. ^'^w^Thc c- 
6rbB<2 protein is a receptor on cell membranes and has intracellular tyrosine 
Idnase activity and an extracellular binding domain.^'^ Electron microscopy 
with a polyclonal antibody detects c-er&B-2 immnnoreactivity on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-viUons outer cell 
mcmbranc.^^ In normal cells> immunohistochemical reactivity for o>0r6B-2 is 
fi-equently present at the basolateral membrane or the cytoplasmic membrane's 
brush borden«^« I 

There is experimental evidence that c^r&B-2 protein may be involved in . 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c> i 
protein can transform a ceU line into a malignant phenotype.^ Also, ^ 
^en the mlb ot(g%ene containing an activating point mutation is placed 4a 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas-^*'^ In other experi- 
ments, monoclonal andbodies against the neu protein inhibit the growth {in 
nude mice) of a neu-transformed cell line,^^ and immunization of mico with 
neu protein protects them from subsequent tumor challenge widi the neu- 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy.^ Further 
review of this experimental evidence is beyond the scope df this article. 

The c-er27B-2 activation most likely occurs at an early stage of neoplffitic 
development. This hypothesis is supported by the presence of c^6B-2 activa- 
tion m both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform o-er&B-2 activation 
at multiple sites in the same patient, aldiouj^ c»^B-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor;^'** *°' 
Even more rarely, c-er27B-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis.^ In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-er&B-2 activa- 
tion, but only a few such cases have been studied. " . i 

MECHANISMS OF c«effrB-2 ACTIVATION ^ 

The most common mechanism of c*crfcB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfeB-2 mRNA and 
protein. The o-erhh-Z amplification may stabilize the overproduction of i 

mRNA or' protein througli unknown mechanisms. Human breast carcinomas 
vinth c-«r6B^2 amplification contein 2 to 40 times more c-firi?B-2 DNA^* and 4 to 
128 times more c-(?rbB-2 mRNA^«*^ than found in normal tissue. Most human 
breast carcinomas with o-ertB-2 amplification have 2 to 15 times more c-erfoB-2 
DNA. Tlunors with greater amplification tend to have greater oveiproduc- 
tion.^^<^*^ Hie non^mammary neoplasms that have been studied tend to have 
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similar levels of c-0r6B*2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most ocmimon mechanism of c-eH!iB^2 activation is overproduc- 
tion of c^erhB-i mBNA and protein without amplification orc-erbB-2 DNA.^ 
The quantities of mRMA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. The c-«r&B-2 protein overproduction without mBNA overproduc-- 
tlon pr DNA amplification has been described in a few human breast carcinoma 
cell lines.^' 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
firagment lengtib polymorphisms -or incomplete restriction enzyme digestions 
that mimic ti^stocations.^i'^^w-^^^*® A sifigle point mutation in the transmem- 
brane portion of neu has been described in xat neuroblastomas induced by 
ethylnitrosurea>^ The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Although there has been specula- 
tion that some of the amplified c-erbB-2 genes may contain point mutations,^ 
none has been detected in primaty human neoplasms.^^*®'** 

TECHNIQUES FOR OETECTiNG ACTIVATION 
Detection of o-8rbB-2 DNA AmplKlcatton 

Amplification of c^rbB-2 DNA Is usually detected by DNA dot blot or South* 
em blot hybridization. In the dot blot method, the extracted DNA is placed 
direcdy on a nylon membrane and hybridized with a c^erbB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a <yerhB-2 DNA probe. In teth tech- 
niques, oerbB-% amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridiasation bands from the sample >vith those 
from control tissue. 

Several technkal problems may complicate the measurement oScrerbB-^ 
DNA amplification. Firsts the extracted tumor DNA may be ^ccessively de- 
graded or diluted by DNA from stromal cells, Second, the c-erfcB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide o- 
erbB-^ probes may not be sensitive enough for measuring a low level of c-er&B> 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
hshed data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated fisr, often with a probe to an unampUfied gene. Many 
studies have used control probes to genes on chromosome 17, the location of o- 
er6B-2, to correct for possible alterations in chromosome number. Identical 
results* however, are obtained by using control probes to genes on other chro- 
mosomes,^«^-80 >vith rare exception J"' Studies using control probes to the beta- 
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^obin gene must be inteipreted with caution, because one aUele of this gene is 
deleted OGcaslonalty in breast carcinomas.^ 

Amplification of c-er6B-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study,'* Oligoprimers for dxe o-erbB-2 gene 
and a control gene are added to the sample s DNA. and PGR is perform^ If 
the sample contains more copies of c-ef&B-2 DNA than of the control gene, the 
DNA is replicated preferentially. 

Detection of c^rbB^2 mRNA Overproducjtion 

Overproduction of mRNA usually is measured by BNA dot blot or 

Northern blot hybridization. 9oth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PGR fbr^detection of c^r£fB^2 mRNA has been described in'two recsent 
abstxBcts-««»i<» 

Overproduction of c-erb£-2 mRNA can be measured by in situ hybridiza- 
tion. Sections ai:e mounted on glass slides, treated with protease, hybridized 
widi a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed fcr autoradiography. Silver grains are seen only over 
: tumor cells that oveiproduce c-er&B>2 mRNA. Negative control probes are 
used.^^^^ Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-6r&B-2 mRNA overproduction in routinely processed tisr 
sue. Althou^ the sensitivity may be increased by modifications that allow 
simultaneous detection of c-er&B-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-6r6B-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately teozen or fixed. In addition, during the detection 
pTocedure, BNA can be degraded by RNase; a ubiquitous enz3rme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in flie tissue of interest need to be oareiuUy 
selected. ' ^ - - ' " 

Detection of c^rbB-2 Protein Overproduction 

The most accurate methods for detecting c-erbB-2 protein overproduction are 
the Western blot method and immunopredpitation. Both techniques can docu*- 
ment the binding specificity of various antibodies against c-erhB'2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-6r&B-2. In immunoprecipitation studies, antibodies against c-er&B- 
2 are added to a tumor lysate, and the resulting protein-wtibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. TWo recent abstracts have described an enzyme-linked 
immunosorbent assay (EIISA) for detection of c-0r&B-2 protein. 
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Overproduction ofc^rbB-l protein is most commonly assessed by viarious 
immunohlstodiemical t«d]U[iiques. These procedures often generate conflicting 
results, whidi are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the oerbB-i 
protein band on Western blot or immunopredpitation, die results of these 
studies should be interpreted with cautfon,*^^*^ Eveii some monoclonal anti- 
bodies immunopredpitate protein bands in addition to c-criB-2 (plSS).^^^^ 
Second, tissue fixation contributes to variability between studies. For example, 
■ some antibodies detect c-er&5-2 protein only in frozen tissue and do not' react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive ceUs.**^" 
When^fipjoiM fixative .isn]]red,'ther^ may be a higher ' percentage of positive 
cases.'' Tliiid, minimal criteria lor interpreting immunohistochemical staining 
are generally lacking. Althou^ there is general agreement that distinct ciisp 
cytoplasmic membrane staining is diagnostic for oerb'B-2 activation in breast 
. carcinoma, 4e number of positive cells and the staining intensity reqtured to 
diagnose c-erbB-uL protein overproduction varies from study to study and firom 
antibody to antibody. Degradation of o-6r&B-2 protein is not a problem because 
it can be detected in intact form more dian 24 hours after tumor resection 
wiAout fixation or freezing.^ 



ACTIVATION OF c-erbB-2 IN BREAST LESIONS 



Incidence of c^r6B-2 Activation 

Most studies of c-«r&B-2 oncogene activation do not specify histological sub- 
types of in£3trating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of Invasive carcinomas in 25 studies (Ikble 1), and 
mRNA or protein overproduction was detected in 20.9 percent ^68 of 
2714) of invasive carcinomas in 20 studies. IVelve studies have documented o- 
erbB-% mRNA or protein overproduction in IS percent (88 of 604) of carcinomas 1 
that lacked e^rBB-2 DNA amplification. 

The incidence of c-«rfrB-2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 6S0) of infiltrat- 
ing ductal carcinomas have c-er6B-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfeB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medtillary carcinoma (22 percent, 5 of 23). In contrast. c-eriB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardooma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbE-Z activation,**'"*® especially if larger cells are present The greater fre- 
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quency of protein overproduction in comedocarcfnonia in situ, com- 

pared with infiltrating ductal carcinoma, could be explained by the £ict that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-erbB-i activation infrequently. Otiiers have speculated 
that carcinoma in situ vnih c-ertB-2 activation tends to regress or to lose c- 
erfrB-2 activation during progression to invasion, Infiltrating and In situ 
components of ductal carcinomai however, usually are similar with respect to o- 
erbB-2 activation, "^^a althou^ some authors have noted more heterogeneity of 
the inununofaistochemica] staining pattern in invasive than in in situ carci- 
noma»**''«'«" Activation of.c^r&B-2 is infrequent in lobular ceiY^noma in situ. If 
lesions contain more than one histological pattern of caroinoma in situ, the 
ertB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma in situi^^** Overproduction of c- 
6r&B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.^ 

Activation of c*erfcB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars CTable 2), Strong 
membrane immunohistochemical reactivity for has not been described 

in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently,»'*^54 in normal breast tissue, o-eriB-2 DNA is 
diploid, andG-^&B-2 is expressed at lower levels than in activated tumors.^<<35.es.Ba 

These j^eliminary data suggest that o-«rbB-2 activation may not be usefiil 
for resoKxng many of the common problems in diagnostic surgicalpathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erBB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-€r2>B- 
2 activation in these lesions may not be helpful in their difierential diagnosis. The 
histological features of oomedocarcinoma in situ, which commonly overproduces 
c-er&B-2; are unlflcely to be mistaken for those of benign lesions. Activation of 

TABLE 2. c-erbB*2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS 





&«i«B-2DNA 


Mr6B-2mRNA 


MfbB-S Protein 


Histological Diagnosis 


AmpllfiCBtlon* 


Overproduction 


Oveiproduciion 


Fibrocysllc disease 


OMOM 






Atypical ductal hyperpiasla 






2(weak)y2l,B« 
1(cytop)a5mio]/l3» 


Benign ductal hyperplasia 






0/12» 


Sclerosing adenosis 






0/4» 


Rbroadenomas 


0/16 » 0/6," 
0/2,«0/1« 




0/21.»0/10.M 
Q/S,n 0/3« 


Radial scars 








Blunt duct adenosis 






0/1 4» 


'Breast mastosis* 




0/3W 
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however, does &vor infiltrating ductal carcdnoma over infiltrating 
lobukr-cBFcinoma. Further studies (iF Aese issues would be useful. 

Correlation of c-erbB-2 Activation Wtth Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-er£B-2 activation with various 
pathologic prognostic &ctors (Table 3). Activation o{.c-6r&Br2 was correlated 
with lymph node metastasis in 8 of 28 series, witih hi^r histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with o-ertB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low pro11feration» measured fay Kl*€7» have been suggested as 
prognostic factors and may cbxrelate with Ver&B-2 activation.**^ 

Corralatlon of c^r6B«2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate <i-erbB-2 activation with ciinica) 
features that may predict a poor outcome (Table 4). Activation of c-0rbB-2 
correlated with absence of estrogen receptors in 10 of 2S series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, c- 
er6B-2 activation was associated with either younger or older ages. , 

Correlation of c-orbB-2 Activation With Patient Outcome 

Slamon et al*^ first showed that amplification of the c-er2^B-2 oncogene inde* 
pendent^ predicts decreased sun'lval of patients with breast carcinoma. The 
correlation of c-6rbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c^er&B-2 amplification is an important prognostic indica* 
tor only in patients with lymph node metastasis.''^^^ 

A large number of subsequent studies also attempted to correlate c-6riB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween o-erbB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erbB'2 activation was reported to be 
independent of other prbgndstio fictOrs. In contrast, 18 series did not confirm 
tiie correlation of c-er£iB-2 activation with recunenoe or survival. Fbur possible 
explanations for this controversy are discussed below 

One problem is that C'-0r&B'2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarises the studies in which all patients (with and with* 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-er6B*2 activation and poor outcome. Thus» most of the current 
evidence suggests that o^erbB-Z activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE $, CORRELATION OP «fi>B*2 ACTIVATION WITH OUTCOME \H PATIENTS 
WITH BREAST CARCINOMA 



Number of Pitlams 



Wllh 

Type of AtotatlBsirsfo 





AcHyaUon^ 


roief 


Axff/ary No 
l^mph Nodes JMetaafteto 


StaHstleal 
Anafyeiv' 


Reference 


<0.05 


DNA 


1 #o 




M 


67 . 


<0.06 


DMA 


Ol 




u 


60 


<0.05 


DNA 


Or 




1 1 

u 


65 


<0.06 


DNA 






u 


93 


<0.05 








J 1 


65 










M 


101 


<0.05 


ONA 




OHO 


M 


81 


<0.0S 


nNA 

Wrtr\ 




120 


u 


17 




DMA 




91 


u 


87 


<0.05 


DNA 




no 


M 


79. 


<0*05 








M 


DC 


<0.05 


Protein 




62 44 


u 


101 


a05-O.15 


DNA 


57 




u 


111 


0.05-0.15 


Pfolfiln 


169 




M 


92 


0.05*0.15 


Protein 




120 


U 


66 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0,15 


DNA 


50 




U 


44 


>0.15 


mBNA 


57 




U 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.16 


Protein 


102 




U 


39 


>0.16 


Protein 




137 


u 


17 


>0.15 


ONA 




161 


M 


61 


>0.1S 


DNA 




159 


u 


17 


>0.15 


ONA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


85 


>0.1S 


Proteln-Wa 




102 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



The endpoints of these sludtoa warn tumor rBcuirenoa or decreassd survival or both. Coneletlon between e* 

aoth^n and Q poorer patient autcorrra Is QtatlsUcdlysTgnin^ 
ol 0,05 to 0.1 6. arrd Ib not signtfleant at >0'.1S. 

oshown as vailabla measured. Lettera «WB* liKflcale essay by Western blol; the other proteh studies uaed 
(mmunohlstochamicBl methods. 

m ° muHtvarlBto slattslical anetysls; U » unlvarisle stotieUcal analyst. 
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TABL6 6. PERCEhrrAOE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF c-erbB-Z ACTIVATiOM 



%onumorswim 
lymph node 
metastBsIs In 
each study 



70- 



60- 



60- 



40- 



71 (DNA)» 



61 (ONA)a 

69(DNA]ff 
58(Prot8ln)« 



64(DMA)i" 



42(PiDtBin)» 



P<0,05 



+ 



0.05<P<0.16 



64(mRNA)» 
61(DNA)^ 



57(DNA)^« 
55(ProternP 

48(Prolein)" 
46(Prote!n)w 



P>o:i6 



P fot coireladon of o-er6B-2 aothoiion ^tb paSent outcome. 
Each 8tud/s percentage of breast caicftwrnaa *»h mstastos^ is compared wHh the oormlafon botuveen o- 
a/i»a-2 activation and outcome. The88dBta1noH{deo%llK)sestud]e8thatoDnsIdBfed« esonegro^ 
cancw patterns, whether or not they had axiHaiy nnelastasls. Superaoitpts are the retoiencea. tn parenmesee 
are the types of 0^68-2 activafion. P values ere mterpreied as m Table a 



A second problem is that various types of breast carcinoma are grouped 
togetjber in many survival studies. Because the current literature suggests that 
c-erfrB-2 activatton is infrequent In lobukr carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
•er2^B'2.sctivation In ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
cerbB-Z activation with clinical outcome in subsets of breast carcinoma widiout 
metastasis. Two recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), <ser6B-2 overexpression predicted early 
recurrence."*^' In patients wi4 ductal carcinoma in situ, one smaU study found 
no association between tumor recurrence and c-erfeB-2 activation.*^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erbB'2 DNA arapliiication or with mRNA or protein 
overproduction. Most studies that And a correlation between c-er&B-2 activa- 
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j 

tion and poor patient outcome measure MriB-2 DNA amplification (Table 5), \ 
and breast carcinoma patients with greater amplification of c^r6B>2 may have ; 

poorer survivaL'»« Recent smdics suggest AatampMcation has more progno 1 
tic power than overproduction.iwss but the clinical significance of c-cr&B^2 
overproduedon without DNA amplification deseives further research. Few 
studies have attempted to correlate patient outtome with o-eriB-2 mRNA 
overproduction, and many studies cf c-er&B-2 protein ovoiprodiiction use rela- 
tively less reliable metliods such as immunohistodhcmical studies with poh^ 
clonal antibodies. 

Comparison Of Activation Wtth Other Oncogenes in I 

Breast Carcinoma 

Other oncogenes that may have prognostic implidations in human hreast cancer 
are reviewed elsewhere Hiis section wiU be restricted to a comparison 
between ihe clinical relevance of c-er&B-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-tm/c activa- 
tion generally has less prognostic importance than c-er6B-2 activation.^'W.uei.ga 
One study found a correlation between Increased mRNAs of c-eribB-2 and c- 
myc, althougli other reports have not confirmed diis.«<i« Subsequent research, 
however, could demonstrate a subset of breast carcinomas in whidi c-mj/c has 
more prognostic importance than o-eriB-2. 

The gene o-erfcB-1 for the epidermal growth fector receptor (EGFB) is 
homologous with c-erfeB-2 but is infi'equently amplified in breast carcinomas.™ 
Overproduction of EGFB, however, occurs more fiequendy than amplification 
and may correlate with a poor prog;nosis. In studies that have examined both c- 
eriB-2 and EGFR in the same tumor, c-«r6B-2 has a stronger correlation with 
poor prognostic fectors.w^ Studies have tended to show no correlation between 
amplification of c^r&B-2 andc-er6B-lorovciproductionofc-«r*B.2andEGFR. 
alfliough at the molecular level EGFR mediates phosphorylation of c^iB-2 
protein,«WB.6i,a8.ioo Recent reviews describe EGFR in breast carclnoma.«^i» 

The genes c-erfeA and ear-l are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to o-er6B-2 on chromosome 17. These genes 
are frequently coamplified with c^rhB-Z in hr«ast carcinomas. Tlie absence of 
c-erfeA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia » Amplification of c>er&B-2 can occur ' 
vdthout ear-l amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB*2 and ear-l amplification." Consequendy, 
c«er2?B-2 amplification seems to be more important than amplification of c-erfcA 
or ear-l. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correladon between increased c-erfrB- 
2 mRNA and increased mRNAs of/os, platelet-derived growth factor chain A, 
aid Ki-r/wJ« Allelic deletion of c-Ha-r<w may indicate a poorer prognosis in 
breast carcinoma,«i but it has not been compared with c-eriB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.^«"J> 
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ACTIVATION OP IN NON-MAMMARY TISSUES 

Incidence of c^rbB-2 Activation fn Non-Nlammaiy Tiasues 

table 7 suxnmaxizes the normal tissues in which c-er&B-2 expression has been 
detected, usually with immuixohistocheinical methods using polyclonal anti- 



TABLET. PRESE»ICEORABSEN0EOFc-erW*2mRNAORe^rbB^PROTElNIN 
NORMAL HUMAN TISSUES 



Tissues WHh 

c-er5B-2 Tissues Producing Tiasues Lacking Tissues Lacking 

mRNA Protein* . c^rbMmRHA . c-eriiB*2 Protein 



(Slrtpt24 


cpiueMiii6°° 






CAldllw lUwl DllwOUII 






Ecortne sweat gland^ 






Petal oral mucosa^ 


Postnatal oral muco6a<> 




F^tal esophagua*^ 


Postnatal esophfi^us^ 


StomachM 


Stomach^ 






Petallntestlnen* 




Jejunum^ 


Small Intestlne^^ 




Colon" 


Cotonaa 




KkineyM 


Petal kldneytt* KIdneysfM 


Glonjenilus" 






Postnatal Bowman's capsule^ 




Fetal proximal tubule^ 


Postnatal proximal tubule^ 




Distal tubule" 






Fetal collecting duct^ 


Postnatal ooiiecting ducl^ 




Fetal renal peMs^ 


Postnatal renal peMs^ 




Fdfalureter« 


Postnatal fetal UTBtei^ 


Uver« 


Hepalocytes^ 


Uvetw 




' PancreaHcflc{nP> 






Pancreafic ducts^ 






Endocrine cells of lalets 


Pancreatic Islets^ 




of Lengertians^ 






..^ Fetal trachea^.. - 


Poslnatai trachea® 




' Fetal bronchioles^ 


Postnatal bronchioles^ 




Bronchlofes^ 








Postnatal alveoll^» 


Felal brain" 




Postnatal br^n"* 




Fetal ganglion oells^ 


Postnatal ganglion ceHs^ 


Thyroid* 






Uterus^ 








Ovary« 






Blood vessels^ 


Endothelium^ 



Placental 

AdrenooortioalceOs^ 
Postnatal thymus** 
FlbroWasts« 
Smooth musde celts^ 
Cardlao muscle celte^ 



This protein study used Western blots; the rest used Immunohtslochemlcal methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing ceD membrane reactivity in the published photo- 
graphs. The iatexpretatioxis m these studies/ however, are listed, with the 
caveat that these findings should be confirmed by immunopfecipitaHon or 
Western or RNA blots. Production of c-erbB-2 has been Identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding o 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on o-erbB>2 activation in various non«>niamm.ary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, beduise ceQ culture can 
induce amplificatioh and overexpresslon of other geDes,.,althou^ this has. not 
been documented for c*€riB-2. " " 

Activation of has been identified in 32 percent (64 of 203) of 

ovarian caicinomas in eight studies (Table 8). One abstract^ stated that ovarian 
carcinomas contained significantly more c-er&B-2 protein than ovarian non- 
epithelial malignancies. Another report^^ showed that 12 percent of ovarian 
carcinomas had c^erbB-Z overproduction without amplification. 

Activation of c-erbB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies. Including 33 percent (21 of 64) of 



TABte a. c-erfiB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS" 







e^rbB-2 








mRNA 


Protein 




c-er6B^DNA 


Over^ 


Over- 


Tumor Type 


Am|HIfleaiion 


pioAifitlen 


pioducUon 


Ovary— cardnoma, not otheiwtse 


31/120«1/11 w 


2a/€7W 




6peGifiBd 










0^»Qniio 






Ovary^erpus ft^aplllaiy) carcfnoma 








Ovary — endornetiiold carctnoma 


0/3'« 






Ovary — ^mudnous carcinoma 


1/2,'»0/1« 






Ovary^dear cell carcinoma 


0«,i«0/1» 






Ovary— mixed efrithefta) carcinoma 


0/2» 






Ovary— endometrtold borderline tumor 


0/1« 






Ovary— mucinous borderline turrwr 


0/37B 






Ovary— serous ^atadenoma 








Ovary— mutinous cyatadenoma 








Ovary— sderosing stromal tumor 


0/1 « 






Ovary— flbrotheooma 


o/^^ 






Uterus — endonwtrlaf adenocardnoma 









'a»wn as number of cases witb ampflfteaHon (or overproductlonVtotal number of cases stwfied: reference Is 
gfvan as superaoripL All protBin studies used knmunoMslocnemtcat methods. 
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intestinal or tubular subtypes and 9 peixjent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). AcHvation of o-erfcB-S has been detected in 2 percent (6 of 
281) of colorectal carcinomas, althougb an additional immunbliistochemical 
study detected c^r&B"2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater immunohistochemical reactivity for c-griB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin s fixative. Lesions with anaplastic features and progression to iiiva- 
si^ carcinoma tended to show decreased immunohistochemical reactivity for c- 
er6B-2 protein » Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci-^ 
nomas (46 of 63 cases) reacted with antibodies against c-erfeB-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 



TABLE 9, ACTIVATiON EN HUM/Ui QASTROINTESTlNAi: TTUMORS- 



TUraorTypa 



i>«Jt»B-2 
Protein 

CHerM-2DMA Ovei^ 
Ampllflcatlon piodiietion 



Esophagus— squamous cell carcinoma 
Stomach-Hrardnoma, poorly differenttaiad 
Stomach— adenocarcinoma 

Stomach— carcinoma, Intestinal or tubular type 
Stomach— carcinoma; diffuse or algnel ring cell type 
Colorectum— car^noma 



Colon— vlIlQua actenoma 
Colon— tubutovlllous adenoma 
Colon— tubular adenoma 
Colon— hyperplastto polyp 
Intestine— letomyosarobma 
Hepatocellular caidnoma 
Hepatoblastoma 
Cholanglocardnoma 
Pancreas— adenocarcinoma 
Pancreas— acinar caidnoma 
Pancreas— dear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0/1W 

2/24 « 2/9,^2/0111 

2/49 w l/45."« 

1/45.»' 1/45,* 

0/40 « Q/32,w?W3« 

0/1» 

0/5» 

0/7« 

0/1" 

0/12111 



a/i« 

4/27,»3/W 

i6/e4» 

4/45» 

1/22." 7/8*® 



0/1« 

12/14 »Q/2»» 

46/639 
2mO,**«0/2« 

0/3« 
0/i<t 
0/14«ie 



•Shown as number of cases with ampfiflcaton (or overproducKoiD/lotal number of caeaa stutflad; referanoe Is 
given asauperscript All protoin studies used immunohlstochemfcal methods. No studlea analyzed tor o^B- 

^Issues nxed In Boulrfs sohiflon. 

*OnV cases vrilh distinct membrane staNng are Interpreted as showing o^B«a overproduction, 
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TABLE 10. c>eri>B-2 ACTIVATION IN HUMAN PUUWIONARY TUMORS^ 



Tumor Typa 



ONA 
Ampfiflcalfon 



Pioteln 
Overproduction 



Non-small cell carcinoma 
Epidermoid carcinoma 
Adenocafdnoma 
Urge eel) carcinoma 
SmaOceOeardnoma 
Carcinoid tumor 



2/60,'s 0^60^1 

0/13eO/10,B'0/6» 

0/21," 1/13 » 0/7,»" 0/7 » OQW 

0/9,«0AB» 

tyi« 



V84» 
4/12« 

0y26,»0/3^ 
.0/3» 



l^hown aa rainto of oaw Hrfm ampniioailw 

anflNA.^"'^ eiurfles used Immunohlelochamtcal maihods. No studies ana(y2ad tor o^AB- 



does not indicate c-eriB-2 activation in breast neoplasms," Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immuiiohistD- 
chemical reactivity for o-er6B-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct ceD membrane staining. *i 

Tables 10 through 14 summarize the studies of c-erbB-Z activation in o4cir 
neoplasms. The c-er6B-2 oncogene is not activated in most of these tumors! 
Activation of c-erbB-Z has been detected in 1 percent (4 of 299) of pubnonary 
non-small cell caxt^inomas in nine studies, although oiie additional report^ 
found o-eriB-2 protein overproducUon in 41 percent (7 of 17). Renal cell carci- 
noma had c-eriB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c^iB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papflUary lesion « Squamous cell carcinoma and basal 
cell carcinoma of the skin may conram c-er6B-2 protein, but it Is not dear 

TABLE 11. fr«^fra-2 ACnVATfON IN HUMAN HEMATOLQOIC PROLIFERATIONS" 



Tumor Type 


c^bB-2DNA 
AmplHication 


e-efbB-2 
mRNA . 
Ovc^ 
firoductton 


Protein 
Over* 
production 


Hematologic maltgnancies 


0^3^^« 






Mal^ant lymphoma 




OfV 


0/1S« 


Acute (eukemfa 


0/145' 




Acute lymphoblasllc leukemia 


0/1 w 






Acute myal^tasfto leukemfa 








Chronic leukemia 


0/18" 






Chronic lymphocytic leukemia 


0/6W 






Chronte myelogenoua leukemia 








Myeloproliferative disorder 


0/1« 







*Shown as number of oaass wlih ampfiflcation {or overproducfi(w)/to!a! number ol 
given as superscrtpt. All protein studies used invnunoldstochemlea) methods. 



eased studied; refereftoe to 



x£/v»/^uud x/:io rAA oxu zua ov/i 



o 
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TABLE la, ACTVATtON IN HUMAM TUMORS OF SOFT TISSUE AND BONE> 



0^/»B-2 0NA 
Tumor Type Amplificatkui 



Sarooma o/io,*^^ 0/8^' 
Malignant fibrous hlstlocytonna 

Uposarcoma <V3to7 

Pleomorphic sarocmia Q/i 

Rhabdomyosarcoma Q/V^^ 

Oateogento sarcoma 0/2,*^ {V2^ 

Chondrosarcoma ot\^^ 

Ewing's sarooma Q/isr 

Schwannoma o/l^ 



•Shown B5 number of cases with ampjffoallon (or ovarpnxIudtanVMai number of cases studied: relerence Is 
given as supeiscrtpL No studies analyzed for <>erbM mRNA or c^eM« protebi. 

whether the pTotein level is increased over that of normal skin » Thyroid 
carcinomas and adenomas can have low levels of increased mRNA. 
One abstract , described low-level c-6riB-2 DNA amplification in one of ten 
salivary ^and pleomoiphic adenomas.^s 

Correlation of c-erbB-a Activation With Patient Outcome 

Very few studies have attempted to correlate 0^63-2 activation in non- 
mammary tumors witb outcome.- Slamon et al« showed that c-erfeB-2 ampliBca- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
rtudy of stages HI and IV warlan carcinomas found a correlation between 
decreased survival and o-eriB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that c-eriB^2 protein oveipro- 
duction in 10 of 16 pulmonaiy adenocarcinomas correlated with decreased 
disease-free interval.^ Another abstract described a tendency for immunohisto- 

TABLE 13, o>effaB>2 ACTIVATION IN HUMAN TUMOBS OF THE URtNARY TR ACP 

o^<»B-2 c^bB-2 
mRNA Protein 
owbB-Z ONA Over* Qver- 

TumorType Amplfflcanon production productro n 

Kidney— renal cell carcinoma VBJ^ va,^^ 0/5" C/16*m — 

Wilms* tumor o/4^ — 

Pfoslate— adenocarcinoma — Qf2^ 

Urinary bfadder^ardnoma — — ^/4358 

■Shown as number of cases with empllfkmllon (or overprodudlonywal number of cases sbnfled; referenoe Is 
given as superscript. All protein etudlee used bnmunoMstochemical methods. 
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TABLE U ACTIVATION IN MtSCfiUANEOUS HUMAN TUMORS- 



Protein 



T..«.^T..^ «r6B-2mHIJA "ov^- 
^^"»°^Type AmplHjcaHon Overproduction praduetien 

Sklrv— malignant melanoma _ 

Skin, head and neclt— squamous ^ 
ceil caitinoma 

Ste not etated— squamous cell 0/B,8»0/2» _ 
carcinoma 

Sallvafy gland— adenocarcinoma _ _ 

Parotid gland— adenoW cystic — _ 

carcinoma ^ 

ThyroW—^na^tetic carcinoma 0/1' - — ^ 

Thyroid-papillary carcinoma o/5' a(tow levBte)/5t — 



Thyroid— Adenocarcinoma o/l»« 

Thyroid— adenoma (^t 

Neuroblastoma 0/35,01 fygsr Qf^n 
Meningioma 



1(lowlevfiIeV2i 



eases studied; reference is 



■Shown as number of cases with amplincailon {or overproductlonVloCBl number of 
glvan as GupeiscripL All piotetn etudes uesd ImmunoMsttiehefftfoal methods. 

chemical inactivity for protein to correlate with higher giades of pros- 

tabc adenocarcmoma.sT Additional pmgnostie studies of ovarian carcinomas and 
other neoplasms are needed. 

SUMMARY 

iS.Tr^^^t.'* ^ c-«riB.2 oncogene can occur by amplification of 

1 ^i}^ overproduction o£c^rbh-2 mRNA and protein. Approxi- 

mately 20 percent of breast carcinomas show evidence of c^6B.2 activation 
which correlates with a poor prognosis primarily in patients with metastasis t^ 
fiuollary lymph nodes. Studies that have attempted to correlate c.ar&B.2 activa. 
bon wiUi other prognostic factors in breast carcinoma have reported conflicting 
concJusions. The pathologic and clinical significance of c-ef*B-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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DECLARATION OF PAUL POLAKIS, Ph.b, 
I, Paul Polakis, Ph,D., declare and say as foUows: ) 

1. 1 was awarded a Ph.p. by the Department of Biochemfetiy of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and fonns 
part of this Declaralion (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist^ Smce joining Genentech in 1999, one of my primaiy responsibilities has 
been leadmg Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen iProject, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certam tumor cells and that are either (i) not expressed, or (u) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4 In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studymg differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
^ch hasjroven to be extremely usefid for the identification of mRNA moleeOles 
that are differentially expressed in one tissue or ceU type relative to another. In the 
course of our research using microarray analysis. We have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in cori-esponding normal human cells To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' ' 
expressed fixMn thiese differentially expressed gene transcripts and have iised these 

antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protpin expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
obseiYations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with tfieir correspondmg normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 

research, including the data discussed in paragraphs 4 and 5 above and my . 
. Imowledge of the relevant scientific Hteratur^e, it is my considered 
. opinion that for human genes, an increased level of riiRNA in a tumor cell relative 
. to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the nonhal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding incrieased levels of the. encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opiiii()h that such reports are exceptions, to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded proteiiL 

7- I hereby declare that all stateinents made herein of riiy own knowledge are 
true and that all statements made on information or belidF are believed to be true, 
arid further that these statements were made with the knowledge that.willfiil felse 
statements and the like so made are puiyishable by fine or imprisonment, or both, 
underSection 1001 ofTitle 18 of the United States Code and that such willfUl 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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PaulPolakis,Ph.D. 
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ij^fjcto \i *hese minor cell proteins differ among cells to the same extent as the 
PjQie abundant proteins, as is commonly assumed, only a small nmnfaer of pro- 
tein differences (perhaps several htmdred) suiBEfce to create very large differences 
jjj cell morphology and behavior. 



A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a muIticeUuIar organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver ceU 
is exposed to a glucocorticoid hormohe;f6r example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these prpteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
otfier cell types do not respond to glucocorticoids at all. These examples illustrate 
ageneral feature of cell speciaiizatioi>;-different cell types often respond in dif- 
Jerent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its pemianently distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway froin DNA to RNA to Protein ^ 

If differences between flie various ceU types of an organism depend on the par- 
ticular genes that die cells ejtpress, at v^^at level is the control of gene expression 
excised? There are many steps in the pathway leading from DNA to protein, and 
afl of them can in principle be regulated. Thus a cefl can control the proteins it 
makes by (1) controlling whm and how often a given gene is transcribed (tran- 
sttiptfonal contror), (2) controlling how the primary RNA transcript is spliced or 
ofterwise processed (RNA processing control), (3) selecting which completed 
ffilWAs in die cell nucleus are e^qjorted to die cytoplasm (RNA transport con- 
[roO, (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(teansiatiDnal control), (5) selectively destabilizing certain mRNA molecules in 
tne cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentializihg specific protiein molecules after they have been 
«>aae (protein activity control) (Figure 3-2). 

For most genes Uanscriptional controls are paramount. This makes sense 
Decause, of aB the possible control points ilhistrated in Figure 9-2, only transcrip- 
oonai control ensures that no superfluous intermediates are synthesized. In the 




^Overview 



of Gene Control 



I^gure 9-2 Sbc steps at which 
eucaryote gene e^qpression can be 
coBtrolled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) Is discussed in 
Chapter 5; this includes reversible' 
activation or inacdvation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradadon. 
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^following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 



Summary 

J7w genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules, A cell typically expresses only d 
fraction ofits genes, and the different types of cells in muUicellular organisms arise 
because different sets of genes areexpressed. Moreover, cells can change the pattern 
of gfsnesihey express in response to changes in their environment, such as signals from 
other cells. Mthou^ aU of^ steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory repons 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 



Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that timi specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial diromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent firom the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating ceU extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double-heUcal structure 
of DNA. The major and minor grooves 
on the outside of the double helix.^^ 
indicated. The atoms arc colored as 
follows: carbon, dark blue; m^oz^ 
light blue; hydsogen, white; ox^^ ; 
red*; phosphorus* ye/tou;. 
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Figure 9-71 A mechanism to e^Iain 
both the marked deficiency of CG 
sequences and the presence of C6 
islands in vertebrate genomes. A 
black linemaiks the location of an 
unmethylated CG dinudeotide in the 
DNA sequence, while a red /»ie marks 
the location of a methylated CG 
dinudeotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nism that cause different genes to he transcribed in different cells. Since many spe- 
ctaUzedaninudcdls can maintain their unique characterwhen grown in culture, the 
gme regtdatory mechanisms involved in creating them must be stable once estah- 
fiihed and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be reU 
emit to the creation ofspecidHzed cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect posiUve feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotesgene transcription is generally controlled by combinations of gene 
T^ukuory proteins. Jt is thou§^ that each type ofcdl in a hitter eucaryotic organism 
contains a specific a>mbination of gene regulatory proteins that ensures the expres- 
swn of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expressiorL In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate thie amount of gene product that is made. Al- 
wough these posttranscdptlonai controls, which operate after RNA polymerase 
^ bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, for many genes they are crucial. It seems that every 
Sene expression that could.be controlled in principle is likely to be regu- 
ated under some circumstances for some genes. 

We consider the varieties of posttranscriptiona] regulation in temporal or- 
^ according to the sequence of events that might be experienced by an RNA 
™i«cule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptional controls on gene 
e3q>re$sion. Only a few of these 
controls are likely to be used for any 
one gene. 
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Figure 6-3 Genes can be expressed 
with different eflldendes. Gene A i$ 
transcribed and translated much more 
effidend/ than gene B.Th!s aHows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNA TO RNA 

llranscription and translation are the means by which ceUs read out> or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made firom the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesi2» a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different ef&dency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment — ^most obviously by controlling 
the production of its RNA 



TRANSLATION 

a 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy aparticular portion of its DNA nucleotide sequence — a gene— into an 
RNA nudeotide sequence. The infonnation in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nudeotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nudeotide 
subiinits linked together by phosphodiester bonds (Figure S-4). It differs from 
DNA chemicaUy in two' respects: (1) the nudeotides in RNA are 
ribonucleotides— is, they contain the sugar ribose (hence the name ri&onu- 
deic add) rather than deo?cyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA- Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5)» the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs \pth 
C, and A pairs with U), It is not imconunon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matical^ in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

AH of the RNA in a ceU is made by DNA transcription, a process that has cer- 
tain siinilarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. Schematic iDuscration of the of 
conformational change in a protein tfiat produces material for a cross-beta filament (B) Diagram iHustrating 
^e seif*infectious nature of the protein aggr^tipn that Is central to prion diseases. Prf is h^ghf/ unusual 
because the misfolded version of the protein* called PrP*, induces the nbrmal PrP protein it contacts* to 
change Its confomiation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that Is espedall/ prone to aggregadon, but because this structure Is 
not Infectious In this way, it cannot spread firom one artimel to another. (Q Drawing of a cross-beta filannent 
a common type of protease-resistant proteb) aggregate found in a variety of human neurolo^cal diseases. 
Because the h/drogen-bond interactions In a p sheet form between polypeptide badcbone atonns (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible niodeis for the conversion of PrP to PrP*, showing the likely change of two Orhelices into four 
P-s^ands. Although the structure of the nomot protein has been determined accurately, the structure of the 
infectious form is not yet Icnown certain^ because the aggregatfon has prevented the use off standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et aL. JL Mol Bfoi 273:729-739. 
1 997; D, adapted from S.a. Prusiner, Trendis Biodttm, Sd 21 :482-^87, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BS£ (commonly refened 
to as the 'tead cow disease'') from cattle to humans in Great Britain. ■ ^ . ' a 

Fortunately, in the absence of PrP*^ PiP is extraordinarily difficult to convert' 
to its abnormsd form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance'' observed 
in yeast ceUs. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different t3^es of chemical reac- 
tions are reqtdred to produce a properly folded protein from the information 
contained ki a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic celLThe flnaj 
level of each protein in a eucaryotic celt 
depends upon the eflicienqr of each step 
depiaed. 
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ure 6-90) couid be regulated by the cell for eadi individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a ceD to regulate the expression of eadi of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary ' 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribon ucleoprotein assembly called a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticularsets of three nucleotides in the mRNA (codons). Thesequence of nucleotides in 
ihemRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs-^each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon Bach amino acid is added to the 
Otermifud end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression am be 
controlled. Controls thzt operate at 
steps I through 5 are discussed in .this 
chapter. Step 6, the regulation of protein 
acti^fity, indudes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Cliapter 3) as vvell as 
Irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
e3»rcised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (MNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are esqjorted to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein aclMty control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tranr 
scriptional control ensures that the cell will notsynthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome of a cell contains in iu DNA setfuence the information to make many 
thousands of different protein and RNA molecules. A ceU typically expresses only a 
fraction of its genes, and the different types of cells in multiceUular organisms arise 
because different sets of genes are expressed. Moreover, cells can dmnge the pattern 
of genes they express in response to changes in their environment, such as signals > 
from other cells, Althou^ all of the steps involved in expressing a gene can in prin- 
ciple be regulated, far most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
^oiled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
: a single signal. Many others are complex and act as tiny microprocessors, 
.responding to a variety of signals that they interpret and integrate to switch the 
"'^^ghboring gene on or off. Whether complex or simple, these switching devices 
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occur in the genn line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionaiy time, the methylated CG sequences in these inactive . 
regions have prestmnably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
tmmethyiated» and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the lesult of a higher than nor- 
mal density of critical CG sequences. 

Hie mammalian genome contains an estimated 20,000 CG islands. Most of 
the Islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many ceU 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
ceU'diuldes. Tfiesefeatures endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flqp switch that switches a ceU between two^ altemaUve 
patterns of gene expression. Direct or indirect positive fmiback loops, which enable 
gene regulatory proteins to perpetuate their own syrUhesis, provide a general mech- 
anism for cell memory Negative fiedback loops with programmed delays form the 
basis far cellular clodcs. 

In eucaryotes the transcription of a gene is generalfy controlled by combinations 
of gene reg^tory proteins. It is thought that each type ofcM in a hi^er eucaryotic 
organism contains a specific corribination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory protdns, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
daily dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by o^ter mechanisms. DNA methylation also underlies the phenomenon of 
genomic iniprinting in mammals, in which the expression of a gene depends on 
whether it was inheritedfrom the mother or the father. 
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Figure 7-66 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in .vertebrate 
genomes* A 6/acfe i»ne marks the location 
of a CG dimideotjde in the DNA 
sequence, while a red "blllpop" Indicates 
the presence of a methyl group on the 
CG dmudeotide. CG sequences that lie In 
regulatory sequences of genes that are 
transcribed in germ cells are unmeth/lated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the o^er hand, tend to be lost through 
deamination of 5-methyl C toT. unless the 
CG sequence is critical for survival. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
nxany genes they are crucial. 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-I/Ly-S family of 
glycosyfphosphatidylfnositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea, 

Materials and Methods: Immunohistochemical (IHq and in sHu hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prosutic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostote cancers. The level of PSCA expression was semi quantitatively scored by assessing both the 
percenuge and Intensity of PSCA-posithre staining cells in the specimens. Then compared PSCA expression 
between BPH» PIN and Pea tissues and analysed die correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen In HGPIN and Pea. There were moderate to strong BS€A proteiri^^d mRNA 
expression in 8 of I i (72.7%) HGPIN and In 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < O.OS. respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < O.OS, respeah^ely). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpresslon. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence. and 
speculaUvely widi prostate carcinogenesis. PSCA protein overexpresslon results from gpregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading catise of can- 
cer-ielated death in American men and is becoming a 
common cancer inaeasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin* 
ues to be a need for the identification and charaaerization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lade of specific tar- 
get andgens of Pea. 

Although a number of prostate*specific genes have been 
idendfied (i.e. prostate specific antigen, prostatic add 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al fl) reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca>2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidyl inositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conduaed PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue sped- 
mens of benign prostatic hyperplasia (BPH, n » 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials arid methods 
Tissue samples 

All of the dinical tissue specimens studied herein were 
obtained from 80 pauents of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 eases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy)^ who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other ureated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
^m seaions and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained seaion of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score (2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - 11) and high grade PIN (HGPIN. 
grade III) on the basis of literatures |3,4|. 

Immunohistochemicat (tHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to mierowaving in 10 mmol/L dtrate 
buffer, PH 6.0 (Boshidc, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody spedfic to human PSCA (Boshide, Wuhan, 
China) with a 1:100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
eounterstalned with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-bufTered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 
Five-)tm-thtck tissue seaions were deparaffmized and 
dehydrated, then digestej^Jn pepsin solution (4 mg/ml in 
3% dtric acid) for 20 min at 37.5 'C, and fuirther proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained firom Boshide, 
Wuhan, China) were hybridized to the sections at 48''C 
overnight. The posthybridizauon wash with a high strin- 
gency was performed sequentially at 37" C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0,2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5*C for 1 h followed by washing in 1 « PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5'C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Intensity x frequency 



Gleason score 0-6 (X) 9 (%) 



2-* S(83) 1(17) 

5-7 19(79) 5(21) 

5(28) 13(72) 



Table 2: Correlation of PSCA expression with clfaiical stage 







Intensity x frequency 




Tumor stage 


0^{%) 




9(%) 




27 (67.5) 
i(25) 




13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control piobes 
routinely did not show any specific hybridization signal 
above badcground. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostatning and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded fashion. For each seaion, five areas of similar 
grade were analyzed semiquantitativcly for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and iniraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed {0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample, intensity score (0 to 3-I-) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way. we were able to differentiate specimens 
that may have had focal areas of inaeased staining from 
those that had diffuse areas of increased staining |6l. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's Mest. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to 'Androgen- independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens. PSCA 
mRNA expression was moderate (composite score 3-6). 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretary 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (^2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were deteaed in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Cleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores - moderate-differentiation and 8-10 
scores = poor-differentiation |7|. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating thai 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly different 



tiated Pea were particularly prominent, with ihore intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32,5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen^ 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-inde|>endence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimen^(a8/20 BPH; ^/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect postiranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISH staining. ^200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization v/ith a sense PSCA probe (8,) showed no back- 
ground staining. A^, B^: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) In all malignant cells; Aj: IHC shows not only celt surface but also apparent cytoplasmic suining of PSCA protein. A3, Bj: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA. is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-spedfic in nor- 
ma] male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(IAPC-4 tumors). We hypothesize diat PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
!HC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
arc widely expressed in HGPIN, the putative precursor of 
invashre Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recendy, Reiter RE 
etal [1 j, using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained suongiy positive for PSCA 
mRNA A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA arc highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cdl sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells (91. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1 ). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [SJ. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
inaeased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9), who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
110), in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
[1 1| used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. Ihe results showed that among 58 PCa 
patients, each PGR indicated the prognostic value In the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprosutic 
cases with positive PSCA PGR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |12) reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank cardnoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis I13-15|. Interestingly, PSCA is In dose proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al ( 18] reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC eoamplification in Pea. Cu Z 
et al |9] recently reporteted that in 102 spedmens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC^ay^d ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological funcdon are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [181- WatabeTet al (19| reported that transcriptional 
eonirol is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) 120]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymoqrtes 
[21]. Thy-1 is involved in T cell activation and Uansducts 
signals through src-like tyrosine kinases [22 J. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion (23-25), Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its lestriaed expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the deteaion of PSCA-ovcrexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dia metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation}, advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

IVansiation biRlatfon regulated bi res|>onse to 
mitrtent avaOabmiy and mftogenlo simulation and Is 
coupled vrith cycte progres^on and oeB giowttk. 
Several aRerations In tiandattonal control occur In 
c«icer. Vafhmt mRNA sequoices can alter the 
translatlond efficiency of IhdMdual mRNA molecules* 
wfilch bi turn play a role In cancer biology. Changes In 
the expres^on cmt avs^Bliy of components of ttie 
tran^atfonal nmc^iinefy and to the actlvallon of 
trmtstatton through signal transduc^n pathmys can 

toad 10 mom global f^mngea^ sudi as an increase in 

lhi» overiA rats of iHOtebi 

activation of ihe mRNA molecules Involved in cell 

groMPth Md pii^eiatlon. We 1^ 

prindplea of translation^ controit the atteratkms 

encountered In pmicer, aiul selected therapies 

targeting translation biRlaiion to help elucldale new 

therapeutic aveluies. 

Introduction 

Thefundainental prlndplo of molecular therapeutfcs In can- 
cer Is to exploit the dlfferwices In gene expression between 
cancer cells and norrmd cells. With the advent of cl^ anay 
technotogy, most efforts have concentrated on Identifying 
diffferwices In gene expression at the level of mRNA, which 
can be attributable either to DInIA ampUficatiGn or to differ- 
ences In transcription. Gene expression is qi^e compncated, 
however, and is also regulated at the level of mRI^ stabHHy, 
mRNA translation, and protein stabliity* 

The power of transiationai regulation has been best lecog- 
nked aniofig developmenlal biologists, because transofptfon 
does not occur In early enibryogenesis in eukaryotes. For ex- 
ample, in )(m}opus, the peHod of transcriptional quiescence 
continues tnta tte embryo reaches ml<ft)laslula transition, the 
^4000^ stage. Therefore, all necessary mfm mol^ 
transcribed durfrig oogenesis and stockpSed fn atranslattonaily 
inadh^e. masiced form. The mRNA are transfationaily activated 
at appropiae tiines cftjftng oocyte inahirallon, feitiii^ 



earty^mbryogeneds ofKl thus, are under strict tmnsbHonal 
control. 

Translation has an established role in cell growthL Basi- 
' caily. an increase In prot^ synthesis occwa as a conso* 
quenoe of nAogenesis. UntB recoitly, hovvi»r^» ilttie was 
known about the alterations in mRNA trarisiatf on In cancer^ 
afKl much la yet to be discovered about th^ role in tho 
development and progrresion of cancer. Here wa review the 
basic prtndr^ of translational contrpi, the alterations en^ 
countered In ccffK^er, and selected ther^)le8 taigeling tr»^ 
tkm initialicm to ^jcldate potential new therapetiBo av^^ 

Basic Pr^c^les of Translational Conti^ 
Mechanism of Translailbiii IntGaOm 
ll^mlaOon initiation is Ihe nriain step In ti^^ 
Translation inWalton Is a corr^Iex prc«e^ In which Ihe Inlfiah^ 
ti^ and the 40S and 6CS rfix>son[iai subiinfts are recruited to 
the 5' end a mRNA molecule £md assembled by eitoyotic 
translation initiaHon factors into an SOS ribosoma at the start 
codon of the mRNA (Fig. IX The 5' end of eiAeryoHc inR^ 
capped* la, contains the cap sinicturs m^GpppN (T-meOiyl* 
guanosine^iphospho^^flborajclecsf^ lUlost translation bi 
eitaiyotes occurs in a capKlependem fashion, 
spedflcaily recognized by ihe eF4^* which bMs the 5' cap. 
The eIF4F translation WtlallOT complex is then formed by the 
assembly of elF4^ the RNA heflcaso eiF4A, and dF4Q, a 

scaffolding protein the* mediates the Wndhg of the 40S ift^ 
somal subunll to the mRNA molecule through Weractlon wRh 
the eiF3 protein present on the 40S ribosoma elF4AandeF«B 
participate In meBhg ttie secondary slructue of the 5' urn of 
ttie mRNA. The 43S ii^aUcHi complex (40S/eir=2/h/iet-'tRNA/ 
GTP conplejd scans the mRNA in a 5'-^' dfrecUon unti Ik 
encourrteis an AUG start oodon. This start codon is then base- 
paired to the »rtlcodon of Initiator tRNA, fonning the 48S In^ 
atlon complex.The WtialiofrtaKrtors arefhlh d^^ 
48S complex, and the 60S ribosome*|oIns to fbnn the 80$ 
ribosoma 

Uhlllre rrKwt eukaryofc translatton, transition iniUafion of 
certain mRNAs, such as the i^comavims RNA, is cap Inde- 
pendent and occurs by fritemal rft>osome entry. TWs mecha- 
nism does not reqiAe eIRE Bther tho 43S conrfl^lax can bW 
the biHlation codon c&edty throughfrrteracBon witti the IRE8 in 

the 5' UTB such as in the encephalonnyocaniitis vhis, or it cart 
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fright. Trenstadion Inltellon b eukaiyotes. The 4E-BPS are liype^^ 

plwrylated to release otRE 9o mat tt can firtlemct 

egy Initiation compter bassembledlTlwW^^ 

pioteln yirfth the biRlatlon compIeK and drt^ 

depIoiBd In the dtegiaia TIM eecxmdary eliu^ 

the 40S ribosomal subunH b bound td olFS. and the temaiy complex 

consMio or eir?» orn*. and Mot^niA are rocniiied to tte 

rft)osoine 8«3an3 the mRNA h a S'-^^* dkection tmtB an 

ia found in the appropriate sequence context The hiRbtioA toetors aie 

released, and the Iwge nboeomal subunit ia recnitled. 



fnlHalV attach to the IRES and then reac^ 

scanrdng or Iransf^, as is the case vi^ the polbv^ 

R^iilEttfon of 7>amla|jdii IniUatlon 

Translation tnitfatfon tan be regulated by situations In the 
expression or phosphorylation status of the various Actors 
Itwpfved. Key components In transfertlonal regulation that 
may provide potential therapeutic targets follow. 

elF4E eJF4E plays a central role In translation regulalloa 
It Is the (east abundant of the Initiation factors and Is con- 
sidered the rate-nmftlng component for Initiation of cap- 
dependent translation elF4E may also be Involved In mRNA 
splicing^ nriRNA 3' processing, and rnRNA nucteocytoplas- 
mic transport (2), elF4E expression can be Increased at the 
transcriptional level In response to serum or growth totm 
(Q. elF4Eoverexpres8!ori may cause prBferenttal transition 
of inRI^ containing eaccessTve secondary structure In their 
5' UTH that are nonmaily discriminated a£^nst by the trans- 



itional machinery and thus are biefitelenliy translated (4-7>^ 
As examples of this, overoMprssslon of elF4E prxxnotes In^ 
creased translation of vasc»dar mfothenal growth factor, 
libmbrast growm feclor-2, and cy^ 

Another mechanism of control Is ftm regulation of elF4& 
phosphorylation. 6IF4H phosphorylation Is nrtedlated by 
mitogen-actlvated protein ktose-Meraoting Idnase 1, whicH 
Is actlyated by the nUtogen-acDvaled pathway actlvatinQ 
6Xtracel!ul£Br signal-ielated Idnases and the stress-^K^thrated 
pathway acting through p38 mltogen-actlvated protein ki- 
nase (10-1^. Several mitogens, such as serum, iiMelet-^ 
derived growth fact<^, ^Wemisd ^owth factor, bisulln. 
dnglotensin H, src Idnase ov^e)9>ressl<>rv and las over- 
e99)res^ load to eIF4E phosphorylatf on Ibe phos- 
phorylation status of 6IF4E Is usually conflated vMi the 
tran^atlonal rate and growth status of the oeR; fiowever; 
e}F4E pho^>horyition has also been observed In response 
to some cefiular stresses when transtatlonal rates actually 
decrease (16). Thus» further study is needed to understand 
the effects of elF4E phosphorylation on eiF4E actMty. 

Another mechanism of regulation Is the alteration of elF4£ 
avallabnity by the bindbig of elF4E to the elF4&bMlng pro- 
tdns {4E-BP, also known as PHAS-I). 4E-BP8 con^te vrfth 
elF4Q for a bIfKRng site In dRE "The binding of elF4E to the 
best characterized e)F4E-blndIng protein, 4E-BPI, Is regu- 
lated by 4E-BP1 phos^orylation. Hypophos^^iorylaled 4C- 
BP1 binds to elF4^ Yfh&reaa 4B-6P1 hyperi^K)S|iioiylatlon 
decreases Ihfe binding. Insulin, an'i^otensln, qpldermal 
growth factor, plat^et-iierived growth fecfor, li^tocyto 
growth factor, nerve growth factor, fcrisulln-llkegpowth factors 
I arKl 11,'btterteuldn 3, ^anulocyte-maax>phage a^ny-^im- 
ulating factor + steel factor, gastrin, and the adenovbw have 
all been reported to induce phosphoryfaUon of 4&aR1 and 
to decrease the ability of 4E-BP1 to bind eIF4E (15, 16). 
Conversely, d^xlv^onof nutrients or growth factors results 
in 4&BP1 dephosphoiylation, an fancrsase in elF4E binding, 
and a decrease In cap-dependent translation. 

p70S6 Kinase. Phosphorylation of ribosomal 408 protein 
S6 by S6K Is thought to play an Important rde In transtatlonal 
regulation. S6K mouse emtnyonlc cells prcrflferate more 
slowly than do parentaJ cells, dernqpstratlng that S6K has a 
positive influence on ceHl^iroiiferatioD 7). S6K regul^es the 
translation of a group of mRNAs possesshg a 5' tenninal 
ollgopyrlnrildfifie tact TOH found at «ie 5' ^ 
protein mRNAs and otiier mRNAs coding for components of 
the transfationai machbery. Phosphorylation of S6K Is regu- 
lated In part based on the avaS^ity of mitrients (18^ IS) ^ 
s^UIated l>y sevens growth Motors, such as p^tdrt 
growth factor and InsulMlka gnowtt) factor I (20). 

elF2aPhoMHNiilBtfDn» The binding of the Initiator tRNA 
to Uie small ribosomal unit fe mediated by transtertlon Inltla- 
Hon factw elF2. Phosphorylation of the o-subunH of elF2 
prevents fbnmaBon of the elF2/QTPyMet-tRNA compteK and 
inhHdits global prot^ synthess (21, 22). e»=2a Is phospho* 
rylated under a variety of conditions, such as vtrat InfacHon, 
nutrient deprivation, tieme deprivation, and apoptosis (22). 
elF2o Is phosphorylated by hemoHfeguteted Inhibitor, nutrient- 
regulated protein Mnase, and the IFN-induoed, double- 
stranded RNA-acUvated protein kinase (PKR; Ref. 2^. 



The mTOR Sionallno Pttttiway. The macrdide antibiotic 
lapamydrt (SIra&niis; WyeifhAyerBt Researdi, Coflegeville, 
RA) has bedn the subject of Intend shJdy because it in- 
hibits rfgnal transductk»i pathways Involved In T-c^ acthr^r 
Ifon. The rapamydn-sensltlve compon^ of these i>athway3 
is mTOR (also caDed FRAP or RAFTI). mTOR Is the mam- 
malian homotogue of the yeast TOR prot^ ttel regi^ 
P«)gres8lon and translatfon in response to nutrf^ availabil- 
ity ^4). mTOR Is a serine-threonine idnase that modulates 
transIaHon Initlallon altering the phosphoryfatton status of 
4E.BP1 and S6K 0=lg. ft Ref. :25). 

4EW bphosphoiylatedonmultlprereiydue&mTORph^ 
phoiytates the 7hr-f7 and lhr46 residues of »i 
^ hfMffiiva; phosy^iorylatkxi at these 1^ b not a^^ 
w«h a loss of elF4E Wndlngi Phosphorylation <rf Ttv^ aid 
Thr-^e Is reqiAned for sid^sequent pho$phorylatk)n at several 
COOHiterin^ serunhsensltiva ^Stes; a conr^^lnation of these 
pho^rfwyfertto events appears to be needed to N&it ttie 
l«ndhgoff4&BPttociF4E(2Q.TheproductoftheA7Moene.. 
p3B/M$Kf pathvvay. and protein Mnase Cd^ also p)^ 
4&BP1 phosphoryiaUon 4^7-2^. 

S^and4E-BP1 are ^regulated. In pmt, by PI3Kand Its 
downstream protein IcbiaseAkt PTB^ Is a phosphatase that 
negaflVBly regulates P13K slgnaHng. PTEN nuO cells have 
constituthreV actfVB of Akl, virflh Increased S6K acthnty and 
S8 phosphorylation (SQ. S6K acttvfty b bihR>iKed both by 
PI3K Inhlldtors wortmannlri and LY294d02 and by mTDR 
InWbftor rapan^n (24)^ Akt phosphoryfates Ser.2448 In 
mTOR !n v«?d, and this site Is prK>$phorylated upon Akt 
activatk>n 7n vM> 01-33). Thus, mTOR Is regulated fcy the 
PISK/Akt pathway; hovi^ever, thb doee not appear to be Uie 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4&BP1 phosphorytatbn 
Independent of mTOR b controransiaL 

interestingly, mTOR autopho^)hor>1ation is blocked by woit- 
rnannh but not by rapamycin {3^ This sewnSig Inoonslsle^ 
suggests that mTDR-responsh^ regutetion of 4E-BP1 and S6K 
activify occurs through a mechanism other than fritrinsto mTOR 
kinase activ^^.Ana]tematepaA^waytbr4&BP1 and S8K phos- 
phorylatton by mTOT actfvi^ b by the Inhibition of a pho^jha- 
tasa Treabnentwltfi calycullnAy an Inhibitor of phosphatases 1 
and 2A, reduces rapanriydn-lnduced dephosphorylsdfon of 4E- 
BP1 and S6K t>yrapartydn(3g. PP2A Interacts vrfttilulW^ 
S6K but not vtffth a 86K rnutant that te restetant to de|rfx>spho- 
rylatlon resulting from rapamydn. mTOR phosphoryiates PP2A 
h v*d; however, how tt^te process alias PP2A actiwly b not 
knowa These resuHssrocofwblentvwthtiie model tiiat phos- 
phorylation oi a phosphatase by rhlOR prevenAs dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rfVBtktn and rapamycin bkx:k trthlbitton of the phosphatase by 
mTOR. 

Potyaderiyfation. The poWi tall In eukaryollc mRNA Is 
Important In enhancing translation Inltlatton and mRMA sla- 
biety. Polyadenytetfon piaye a key rote In regulating gene 
expression during oogenesb and eariy embryogenesb. 
Some mRNA that are translationaliy Inactive In the oocyte are 
polyadenyiated concomitantly with transtational activation In 
oocyte maturation, whereas other mRMAs that are transla- 
tionaliy active during oogenesb are deadenyferted and trans* 
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lattonalty silenced (36-38). Thus, control of p<%(A) tan syn- 
the^ b an bnportant regi^atory step In gene ex;»es3lon. 
The 5' cap and poly(A) tan are thought to function ^nergte- 
tically to regulate inRNA tianslational efftelency (39, 4C). 

RNA Packaging. Most RMA-blndIng prtrieins oe assem- 
bled on a transcript at the time of transcrip8oi% thus deter- 
mlrilng the translationet fate of ttie transci^yt (41). A WgWy 
ccmsenred fairyiy of Y- tKXX protelhs b found In cytopdasmtc 
messei^ ribonudeoprotein particles, where tiie proteins 
are thought to play a role In restricting the lecnjRment of 
mra4A to the translational macWneiy (41-43). The major 
mFWA-assocbted protein, YB-1,dcstabntees the interaction 
of elF4E and ttie 5' mRNA cap fri v«ro, and overexpression of 
YB-1 resvS^ In tanslational repressicm h Wiro (4^. Thus, 
altmUons In RMA packaging can abo play an Important rele 
in translatk)nal regubtton. 

Translation Alteraftion^j&icounter^ in Cancer 
Three rnain afterations at Ihe translartlonal level bocur ca^ 
variations In mRNA sequenoestiiat Increase or decrease tians- 
latibnal efftetency, changes In the expression or avanabOlly erf 
components of tiio transbtional machinery, and activation of 
translation ttwough aberrantiy acthratfed signal transduction 
pathways. Ihe first afteration affects the translation of an Mi* 
vkfurf mRNA tttai rn^ ptey a rote hi cardhogene^ The sec- 
ond and thfrd alterations can lead to more g^ol)al changes, such 
as an increase tofithe overaB RdB of fHOteIn synlheste, and tile 
translaticnial activation of several mRNAspectes. 

VariaUons At mRNA Sequence 

Variations In mRNA sequence affect the translational effi- 
ciency erf the transcr^ A bri^ description of these variations 
and examples of each mechanbm follow. 

MutatkMie. Mutations in the mRNA sequence, espedally 
m the 5' UTR, can alter Its tianslaUonal efficiency, as seen In 
the fbltowing examples. 
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omyc; Saitoer^propoGed that translation of 
c-rnyc is repressed, y/hereos In several. Buridtt ^phomas 
e)at have defetionsof the nriRNAS' UrR» translatfon qfiHiiyc 
b more efflctent (46). htore iQcent^^ 
5' inn of o*irQn& contalne an IRES, and thiis o-rr^ 
Hon can be Inftfaited by a cap-Independenl as weD as a 
capKfepwdent mechanism (46. 47). In patients with multiple 
rryelorna, a C^T mutation In the o-myc ires was Identlffed 
(48) aiKl found to cause an enhanced Inmatfon of bans!^^ 
via intmal riboepmal entry (49). 

BmAU Aeomattepofrit mutation (117 Q->q In posWwi 
-3 with respect to ttie start codon of the BACAT gef» was 
Wenttlled In a highly aggressive sporadic breast cancer 
Chlmertc constructs constettng of the wild-type or mutated 
BRCA1 5' UTR and a downstneam tucHerase reporter dwnr 
(mstrated adecieaselri the translalkml efficiency 
UTR mutation. 

t^ft^n-d^mdent Kftiase Inhibitor 2A. Some Inherited 
metenoma kindreds have a Q->T trarisverslon at base -34 
of cyc&vdependent Wrtese Inhtbttor^aA, whirfi encodes a 
t^^dbvdependent kinase 4/cyclln-depehdent Wnase 6 kb)as6 
Inhibitor Important In checkpoint regitetfon J51). This 
RUitatlont.|^ rise to a novel AUQ translatbm Inltlatfcm 
opdofv creaflng an. upstream op«i leadng llra^ 
petes for scanrdng ritosomes and decreases trand^on 
from the wfld-type AUa 

^Utemate ^^dng and AKemato Transcr^ytkm Start 
Sites. AlteiHtbns In spBc&ig axl altemate lranscrfp«on sites 
can lead to vartoions h 5' Um sequence, tength, and s©^^ 
aiy slnjctur^ iMinately Irr^iactlng translali^ 

ATt/L The >47M gene has (bur nonooding exons b its 5' 
UTR that undergo extensiva altemative spBdng p2). The 
contents of 12 cfifiierent UTOs that show corekJerabJe 
diverslly In length and sequoK^ have been Wentlfled. These 
divergent 5* leader sequences play an Important role In the 
transtettional regiMkm of the >I7]^ genoL 

imkn, lnasut)setoftumors»overaxpressk)noftheonco- 
fv'otein mdm2 results bi enhanced translatkm of the fttdm2 
mRNA, Use of different promoters leads to two mdm2 Xrm- 
scr^that differ only In their 5' teoders (53). The tonger 5' 
l/fB contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes Inefficiently compared with 
the short 5' UTR. 

dACAf. In a normal maffttnary gland, BRCAt mRNA Is 
expressed vtmh a shorter leader sequence ^'UTR^, whereas 
In sporadic breast cancer tissue, BRCAT mRNA Is expressed 
wfth a longer leader sequence UTRb); the translationai 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcnpts containing 5' UTRa §4). 

TOF-pX TGF-fiS mRNA Includes a l.l-kb 5' UTR, whteh 
exerts an InhlbRoty effect on translattoa Many human breast 
cancer oea fines oont^ a novel nSF-ps transcdpt with a 5' 
UTR that Is 870 nucleotides shorter and has a7-fbld greater 
translationai efficiency than the nonmal TGF-p3 mRNA (55), 

AKmiate Polyademylatlon Sites. Multiple polyadenyl- 
atlon signals leading to ttie generatton of several transcripts 
vnth differing 3' irm have been described for several mRNA 
species, such as the WET proto^cogene ATM gene 
^» tissue Inhibitor of metaltoprotelnase^ @7), RHOA 



proto-CHicogeno CS8), and calmodulM {5^ Although the 
effect of these aRemale 3' UTRs on translation Is not y&t 
known* tlwy inay be In^xsrtant In Rt^A-proteln htsfacttons 
that affect translationai racnj^tment The rote of these alter-- 
attons In cancer devetopment and jwogresslon Is wiknown. 



Alteratlans In tho (kmponentB of the 
TtanstoOon Machln^iy 

AlleraBons In the components of translation macWnery can 
take many forms. 

Over^cpressslon irf elF4E. Overexpresslon of eIRH 
caices ma^nant transfonnatkm In rodent cells ^ and the 
deregulation of HeU ceU growth (61). Pokmovsky e^al (©2) 
found that elF4E overexpiesskxi substmites for serum and 
Individual growm factors In present vfebffity of fibiobla^ 
vi^fch suggests that elREcan mediate both proSferatlve and 
suvlva! dgnaDng. 

Bevated levels of elF4E mRNA have been found In a broad 
^)ectrum of trarisfbmied ceB fines (&3^ elF4E levels ar^ 
elevated In aH dik^ carcinoma ihs^ specimens and Inva- 
sh^e ductal carcinornas^ oonipared with benign breast spec* 
Imens evaluated with Western btot analysfe (84, 65). Prefini^ 
maiy studies suggest that this overQxpressk>n Is attributable 
to gene an^>lificatf on (6Q. 

TheiB ae aocumulattng data suggesting that eiF4E oveiBJc- 
presston can be valuabte as a pro^wsttc marker. etF4E over- 
expiesskm was found fri aretiospectlve study to beainarker of 
poor gnosis in st^es I to in breast i»rcfir»ma 
tton (rf the piogriosllc vehiB of elF4E In br^ cancer Is novv 
under w^ in a pro9)eclive trial (67)l Hovwever. in a cUleretit 
study, expresston was coneteted vrfth the ^gresslve 
beha^ of non4kxi^s lymphomas (p^. bi a proepective 
analysis of pafierils whh head and neck cancer, elev^ levels 
of elF4E In histok>gkx% tumors surgical rnarghs predicted 
a signlficantiy kYcreased ilsk of kxiaketforial recunenoe fflH. 
These results all suggest that ^4E overexpresston can be 
used tosetect patients who migm benefit from more aggres^ 
systemte therapy. Rjrthenrnore, the head and neck cancer dto 
suggest that eF4E overexpresslon is a fleW defect and can be 
used to glide local therapy. 

Alteralions fai Othet Initiation (Actors. Alterations In a 
numb^ of other Initiation factors have been associated with 
cancer. Overproductton of elF4Q, slnr^ar to elF4E, toads to 
malignant transfbnnation fn (69). e)F-2a ts found In 
Increased levels In bronchloloahwlar carcinomas of the lung 
(^ Inltlatton factor elF-4Al Is overaxfwessed in melanoma 
(70) and hepatoceOutar carcinoma (71). The p40 subuhltof 
translatbn initiation factor 3 is ampiified and ov^^^icpressed 
In breast and prostate canoer OraX and the elF^1 1 0 subunft 
Is overexr»essed In testteular seirrfnoma (73). The role that 
overexpresslon of these Initiation fectors plays on the devef* 
opmerrt and progres^n of carreer. If any. Is not known. 

Overexpresslon off SeiC S6K Is anr^lfied and Wghiy 
ov^rexpressed In the MCF7 breast cancer cdl Une^ com- 
pared vidth nonnal mammary epithelium (74). In a study by 
Bartund ef af. (7^, was amplified in 59 of 668 prtmaiy 
breast tunnors. and a statistically stgnlficarTt association vras 
observed between ampltficatkm and poor frognosls. 



Overexiuresslon off PAP. PAP cata^sss 3' poTy^ syn- 
thesis. PAP fs.ofveraxpre88ed bi human cancer oeUs com- 
pared wWi nomial «id vtraUy tansliDmied oeSs (T^ PAP 
enrynwllc acUvHy in breast tumors has been corr^ed vm 
PAPprot^tevds(7Qand, lnn»nwnaiy twnoriTte^ 
found to bo an Jnd^Jwident factorfor jxedfctino suvlval 
little Is knowv however, about how PAP expression or ao- 
iMty affocts tho transitional profile. 

Alterations biRNA^^ndlngProtelnSL Even less Is laiown 
about atteiailons In RNA pCKtegfrig fri cancer. Artcreaded ex- 
pression and nudear locaSzatlon of me RNA4)Inc&ig protein 
YB-1 am fiwfipatore of a poor prognosis for breast cancer 
nofwnrwB fting csarfcer (7^ and ovafen coK^ 
evar, this effect be mediated at least bi part the 
t»3«crfptlca because YB-1 toeaseschonoiBsi^ancebyen- 
hanchg the traiscrtptkin of a muKickug 



Actlyffthn of Si^ta! Transaw^km Pa^mays 

AcHvaBon of e^ transducSon pathways by loss of tumor 

8iw»Bssorgenesoroverexprcsfslonofcert^ 

carl carrtrlbuta to the gnowWi and aggresslvenTO 

i>npor tant nr«rtant fri human cancers la the turner suppressor 

1^ Pl^, which leads to the aclTvatkm of 

way- Acllvatlon of PI3K and Akt hduces the oncogente tran^ 

fomiatto of cticken ernbryo lasiobl^ 

dwfw constaitfve phosphorylalton of S6K and 0^ 

A mutant Akt that retehs kinase adMty but does not pbo&- 

phof>teteS6Kor4&BP1 does not transfonnfibrobfe6ls»virhlch 

suggests a coirelatfcm between the oncogordc^ of Pl^ 

Al^ and the pho^ihorylatkm of S6K and^4E^ 

Several tyrosine kinases such as pratelet-derlved growth 
factor* msulMike growth factor, HER2/heu, and epidennal 
growth factor receptor s^e ov^expressed h cancer. Bo- 
cause these kinases actlvsde downstream signal iransduc* 
tion pathvireq^ known to alter transtedkiin Initlatfon. acih^^ 
of translation likely to contnlnite to the growth and ag^- 
shiwess of these tumorsL FiflrthermorSp the mRNA for many 
of these l^rases themsehm are under translatlona} control 
For ecample, HERZ^neu mRNA Is translattonally controlled 
both tjy a short upstream open reading frame that represses 
HER2^neu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that increases 
translatlonal efficiency (82). HER2/heu translafion Is different 
In transformed and normal cells. Thus. It Is possible that 
iterations at ttie transliedional level con In part account for 
the discrepancy between HER2/neu gene ampWteatfon de- 
tected by fluorescence In sftu r^brtdlzatJon and protein levels 
detected by Immunohlstocfiemical assays. 



Ttanslatlon Targoto of Selected Cancer Tberapy 

Componmts of the translation machinery and signal path- 
ways Involved In the acthratbn of translatton Initiation repr^ 
sent good targets for cancer therapy. 

Targatbtg tf»e mTOR Sgnottng Pathway: Papamyt^ 
ana i amstatfri 

Rapamycfn Inhibits the prbllferatk>n of lymphocytes. It was 
Initially developed as an Immunosuppressive dnig for organ 



transjtonalton. Rapamydn wi0i FKBP 12 (FKSOfikbfridlrtQ 
protein, 12.000) b^ to mTC« to Inhibit Vts fumdk>n. 

Rapanriyc^ causes a sntaO bi^ el^lfk^ reductfo^ 
Inltlatkm rate of protein synthesis (8?). It Wocks cen ^wtf^ 
part by bk)cklng S6 pliosphorylatlon and setectlvaly su|!^ 

pressing the tran^aSonorS'TOPrnFO^Ae^ such as ribosornai' 
piot^ and etongatton factors ^3-8^ Rapamydn also 
blocks 4E-BP1 pho^rfwrylatfon and Inhibits cap-d^>endent 
but not cap^ndependent translatton (1 7, 86>. 

The r^Danriydn-sendtlve ^gni transcftjctiwi pethwcyp 
vaied cbiring niallgnam tran^Drmaito 
b now bdng rtudled as a tagrt to cancer ther^ 
tate, breast smaBc^&jng,£^oblastoma,n)elanonui,andT-cefi 
leukenrte are among the cancer Hnes most sensltlvo to the 
rapamydn ansdoguo CCI-779 (Wyei^Ayerst Iteearch; 
87). IhrhabdwnycosarDomacea ftnes, rapanoych 
statkj or cytocWal depentfing on the p53 status of the ceft pS3 
w^kl-type ce& treated wim RBpamydn arrest tn 
and malfttah their. vlabSty, whereas p53 nrniM ^ 

late friQ, and imdergo apoprtosb(B8,8S9. hareoently repotted 
study using human primitive newoectodemial tumor and 
medultoblastoma models, rapamydn exhibited mwe cytotox- 
idly h combir^ton ^Anth d^>latin and camptothec^ 
single agent i^, CCI-779 ddayed fpowm of xax^^ 
160% afterl weeKof therajyand 240% after 2 weeks. Aslhgto 
N^Mtose adnMstratkm caused a 37% decteese fri turrxir 
voftjma Growth fr^hft)«oh 
dspla^ fir) combihation >KAh OCI-779 tf^ 
PP). Thus, precfldcd studies suggest tfiat rapamydn an»- 
k>gues ere useful as sbi^ agents and k% oombhatkm wfth 
chemotherapy. 

Rapamycbi analogues CCI-779 and RAD001 (islovartis, 
Basd. Swltzer^nd) are now In ciink»l trials. Becmisa of tlie 
known effed of rapamydn on lymphocyte prollferedton, a 
potential prc^^m with rapamydn analogues Is imnmmosup- 

presskm. However, althoi^ prok>nged lnwmmosuppressk>n 
can result from rapamydn and CX)l-779 admlnlst«ed on 
continuous-dose schedules, the Immunosupiwesslve effects 
of rapamydn anatogues nesdvo In -^24 h after therapy 
<91). The prfndpal toxteltles of Ca-779 have Induded der- 
matotoglcd toxtefty, my^sjpsuppressloBk Irtfectfon, mucosals, 
dianhea, reversible elevattons In liver function tes^ hyper- 
glycemia, hypokalemia, hypocateemla, and depression ©7, 
92-^). Phase II trials of CCI-779 halve been conduded In 
advanced renal cell cardnoma and in stage lll/IV breast 
carcinoma patients who failed with prfw chemotherapy. In 
the resdts r^ed In abstrad forni, although there were no 
complete responses^ partial responses were docuinented In 
both rwial cell cardnoma and in breast carcinoma 9^. 
Thus, CCI-779 has documented preliminary dlnteal activity In 
a prevkaisly treated, unsdeded patient populatton. 

Active Investigatfon is under way Into patient sdectfon for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of Ca-779 In PTEN-ndl tumors (30. 96). Another 
study found that sbc of dght breast cancer ceB Hnes were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive conelatton 
between Akt activatton and CCI-779 sensitivity (97). This 
oonelattonsuggeststhatadtvattonofthePISK-Aktpalbw^, 
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regardless of whether ft ^ aitftt>utabld to a PTD^ 

to overexpressk^n of recq;rtpr tyro^m 

cor ceil amenable to mTOB-cftnected therapy. In contrast, 

kwer levers of the taitjet of mTOa 4&api, ^ ossodated 

wRh fBpam/cin resistance; thus, a lower 4&BP1/6lFi^ 

nay predict i^^>aiTti^ resl^^ 

Anomer rrK>de of actMty for rep^nydn and its anak^ 
appears to be through Vihit)f%}n of anglog^iesfs. 11^ ac^ 
may i)o both^roi^ direct inhlbltipn of entfbtheBat cell 
proliferation as a resist of mTOR InhlbRion in these cells or by 
Inhlbitfon of transliatkm of such proanglogerHo factors as 
vasoto endotheOal grovirth factor in twnor ^ 

The anglogeneds Inhibitor tumstatin, another anticancer 
dnig currently under study, was also found recently to inhibit 
tmn^tlon in endottteilal ceDs (1 01 ). Through a reqidsltB 
teraction y^m iiite^fri, tumstatbi Inhibits acthrationr ol the 
PI3KWA pathway and mTOR In mdotti^al cells and pre- 
varts dlssodaHon of eIF4Efrom 4&^BP1. ttwreby friMbftlng 
cap-<tepend^ tran^atfon. These flndlri£p suggest that en- 
dothelial celts are espedally sensitive to therapies targeting 
the mTOF^elgnaiing pathway. 



Target^ el^o: £PA CfoMnazole^ wmM, 

EPA is an n-3 polyimsabjrated fatty acid found bi the f^ 
based cRets of populatkins having a low incidence of c^^ 
(10^ EPA Inhibits the proBferatlon of cancer cells (103), as 
weB as In animal models (104, 105), It blocks ceB division by 
inNbit^ tian^on initfation (10^ EPA releases C^^ from 
Intracellular stores while inhlbifing thefrirefHIIng, ^ty&r^ 
th/ating PKa PKa in turn phosphwylates and irtfia^ 
resulting In ^e kihibition of protein synthesis at the level of 
translation NttoHon. Sfmflarly, dotilmarol^i a pot^ antipro- 
liferative agent fr) vffro and ih vto, inhibits cell growth ttin^ 
depletion of Ca?* stores, acUvatlon of PICFt, and f^ospho- 
lytatton of elF2a (lOQ. Consequently, dotrimazote prefers 
tially decreases the repression of cycHns A, E, and D1, 
resulting In blockage of the c^ cycle In G,. 

mda-7 is a novel turrror suppressor gene t>elng developed 
as a gene tlieiapy agent Adenoviral transfer of nKkh? tAd- 
mda^ induces apoptosis In many cancer cells Including 
breast, colorectal, and lung cancer (107-1 09). Adnndar also 
Induces and acthrdtes PKR, whk:h leads to pho8ptK)rylation 
of efF2a and induction of apoptosis (110). 

Flavonokls such as genlsteln and quercetin suppress tu- 
mor cefl growth. Ail ttwee mammalian eii=2a kinases, PKR, 
henw-regulated Inhibitor, and PERK/PEK, are adh^ated by 
flavonokis, with phosphorylation of etF2a and InhlbHton of 
protein synthe^ (111). 



Targeting eiF4A and a^AB AnHsense RNA 
andPoptides 

Anlfeense expression of eIRA decreases the proBferation rate 
of meianon«ceils(112). Sequestratkm of elF4Eby overexpres* 
ston of 4E-BP1 Is proapoptotic and decreases tumortgenk% 
(113, 11^. Reduction of elF4E with antisense mA decreases 
soft agar giDwIh, Increases tumor latency, and increases the 
rates of tumor doubling times (7). Antisense elF4E RMA treat- 



ment also reduces tfie expresskxi of angk)gente totors (115) 
and has beenproposedasapotentialacyuvant therapy for head 
and necic cancers^ particulaity when elevated eiRE Is 
surgted majfi^ Srnafl moleode hhlbftors that ^ 
4SBP1-bIndlng domcdn of dF4£ are proapoptoSc (11Q and 
are also bebf^ actively pursued* 



Exploiting Sdecinra T^ansXatfon for Gene Therapy 
A diRefenI tiietapeiA^ approach that talm 
enhanced cap-dependent translaticm In cancer cdls is ttie uso 
Of gene therapy vectors encoding suidde genes with H^fy 
stmctued 5' UTRThese rnRNA ViToiM thus be at a conr^)^^ 
disadvantage in nonnd oefis and not trartsiatd vveil, 
cancer c^ th^woUd trffiisi£terrK)rBefifclentV. It^ 
tiie introduction of the 5' IXTR of fibroblast growth fac^ 
the codlig sequence of herpes sfrrpliav vfttis 
Ahase gene, allows fcsr selective tnsisfedk)^ 
Wh/s (ype-f thymfcSw Ainase gene In breast c^ 
conr^)arBd with normal mammary c^ ines and resufts In se- 
lective sensitivfty to ganddovlr (117). 



Toward tfie Future 

TrandaBon is a cruc^ process in every cdL Howeinr* sev^ 
staaHons in trandstfond cprmoi occur b) ca^ 
appear to need an abenantly activated translationd state fbr 
survii^, thus dtowii^ the targetb^ 
surprising k)w ta)dclly. Oortiponents of me trandati^ 
denary, sudi as dP4E, arxi dgnd transection pathway Irv 
vdved In translation Initiation, such mTOR, represent prorrtdi^ 
targ^ for cancertherapyJnhibitors of themTOR have already 
shewn some preOriilnary activi^ In dinkstf trid& 
that wfth the development of better predictive' martors and 
better pafimt sdedton, response rates to dngie^agent therapy 
can be brproved. SirnBar to other cytostatic agerits, howe^^ 
mTTDR Inhibitors are most iOcely to achlefvie cOrited uti6ty fri 
comblnatton therapy, in ttte Interim, our Increasfrig understand- 
ing of i^ansiation initiation and dgnd trsisduction patiiways 
promise to lead to the Uentifk»tion of new therapeutic targets 
Inlfienearfutura 
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DECLARAT ION OF AVT ASHKENAZT, Ph.D UNDER 37 C.F.R. S 1.132 

I, Avi AsWcenazi, Ph.D. declare and say as follows: - 

1. I am Director and Stafif Scientist at the Molecular Oncology Dq)artmait. of 
Genentech, Inc., South San Francisco, CA 94080. . 

2. IjoinedGdDmtediin l988a8 rpos^ocf6rdfeUow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, includmg apoptosis, and have 
developed technologies to modulate such mechanisms as ameans of flieK^)eutic inteiv^on in 
cancCT and autoimmune disease. I am cuirraitly involved m the investigation of a series of 
seoteted proteins over-espf^sed in tuniors, with the aim to identify useful targets forthe 
developnieht of therapeutic antibodies for cancOT treatment; 

3. My scientific Curriculum Vitae, including my list ofpublications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
fector in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Hei2/Neu) 



gives canc^ cells a growth or survival advantage relative to nonnal cells, and might also provide 
a mechanism of tumor ceU resistance to chemothkapy or ra^ 

5. If gene anq}Uficatiqn results in bv^-expression of the ni^^ 

ccffre^ondtng gene product, then it identifies that gene product as a promising target for cancer 
therapy, for exanq)le by the therapeutic antibody approach. Even in flie abseiice of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PGR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or m predicting or monitoiing .the. 
ejBficacy of caacer therapy. An increase in gene copy number can result not only firom 
intrachromosomal changes but also Scorn chromosomal aheuploidy. It is important to undeistand 
that detection of gene aunplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue h detected, it is irrelevant if the signal originates fipm an incitsase in the 
number of gene copies per chromosome and/or an abnormal number of chromosoines. 

6. I understand that according to tiie PatratOffice, absent data demonstrating thsit 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insuflBcient to provide substantial utility or well 
established utihty for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expressioA of the corresponding gene product, this very 
absence of gene product over-expr^ion stiU pravides^ significant information>for cancer 
diagnosis and treatment Thus, if over-expression of ttie gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel moiritpring of gene 
amplification and gem product over-expression enables more accurate tumor classification and 
heiice better determination of suitable therapy. In addition, absence of oveT-:e>^r^sion.is crocial 
information for the practicing clinician. If a gene is amplified but the corresponding gene - 
prpduct is not over-expressed, ike clinician accordmgly 'will decide not to treat a patient with 
agents that target that gene product 

7. I hereby declare that all statements made herein of niy own knowledge are tme 
and that all statements made on information or belief are believed to be true, and further that 
tiiese statements were made witii flie knowledge that willful false statements and the like so 



inade are pumshable by fine or iiiq>iisoiunent, or both, under Section 1001 of Tide 18 of the 
. United States Code and that such wiUfiil statements may jeopaidize the validity of the 
^plication or any patent issued thereon. 

Avi Ashkenazi, Ph,D. ' 
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Address: 1456 Tarrytpwn Street, San Mateo, CA 94402 

. Phone: (650) 578-9199 (hoiue); (650) 225-1853 (office) 
Fax: . (650) 225-6443 (office) 

Email: aa@gene.com 

Education: 

. 1983: . B.S. in Biochemistry, with honors, Hebrew University, Israel 

1986: PkD* in Biochemistry, Hebrew University, Israel 



Employment: 

1983*-1986: Teaching aissistairt, imdergradusde level tourse in Biocheim 
1985-1986: Teaching assistant, graduate level course on Si^al Transduction 
1986 - 1988: Postdoctoral fellow, Hormone Research Dept., UCSF, and 

Developmental Biology Dept., Gdientech, Inc., with J. Ramachandran 

1988- 1989: Postdoctoral fellow. Molecular Biology D^t, Genentech^ Inc., 

with D. Capon 

1989- 1993: Scientist, Molecular Biology Dept., Genentech, Inc. 

1994 -1 996: Senior Scientist, Molecular Qiicolegy^Jeptr; .Genentech, lac. 

1996- 1997: Senior Scieiitist and Interim director. Molecular Onqology Dept., 

Gerientech, Inc. 

1 997- 1 990; Senior Scientist and preclinical project team leader, Genentech, Inc. 
1999 -2002: Staff Scientist in Molecular Oncology, Genentech, Ihc. 
2002-present: Staff Scientist and Director in Molecular Oncology, Genentech, Ihc. 
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Editorial 
Editoiial Boanl Mj^ben 
Associate Editor^ Climcal Cancer Research. . 
Associate Editor, Cancer. Biology and Therapy. 

Refereed papers: 

1 . Geitler, A., Ashkenazi. A., and Madar, Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and liver of the 
l^ctztmg cow. MoL Cell. EndocrinoL 34, 5U57 (l^^ 

2. Gertler, A*, Shamay, A., Cohen, N.. Ashkenazi, A,. Friesen, H., Levanon, A., 
Gorecki, M., Aviv, R, Hadari, D., and Vogel, T. . Inhibition of lactogenic 

. ; activities of ovine prolactin and human growth hormone OiGH) by a novel form of 
a modified recombinant hOH. Endocrinology 118, 720-726 (1986). 

3. Ashkenazi, A.. Madar, Z>. and Gertlen A. Pjulial purification and characterization 
. of bovine mammary gland prolactin.recepton MoL Cell Endocrinol 50, 79-S7 

(1987). 

4. Ashkenazi, A.> Pines, M., and Gertler, A. Down-regulation of lactogenic 
hormone reCq>tors in Nb2 lymphoma cells by cholera toxin, ^z^^ 
//ir^rwafi 14, 1065-1072(1987). 

5. Ashkenazi, A., Cohm^ R>. and Gertler. A. Charactj^zation of lactogen reciters 
in lactog^c hormone-dependent and ind^ndent Nb2 lymphoma cell lines. 
/Eff^ie/r, 210, 51-55 (1987), 

6. Ashkenazi. A.. Vogel, T., Barash, L, Hadari, Levanon, A., Gorecki, M., and 
Gertler, A. Comparative stifdy onrin^flwkro and ixrvivolmddulation of lactogenic 
and somatotropic receptors by native himian growth hormone and its modified 
recombinant analog. Endocrinology 121, 414-419 (1987), 

1. Peralta, E., WinsloW. J.. Peterson. G.. Smith. D>. Ashkenazi. A„ Ramachandraii, 
J., Schimerlik, M., and Capon, D. Primary stracture and biochemical properties 
of an M2 muscarinic receptor iJcfertce 236, 600-605 (1987). 

8, Peralta, E. Ashkenazi. A,, Winslow, J , Smith, D., Ramachandran, J., and Capon, 
D. J. Distiiicnt primary structures, ligand-binding properties and tissue-specific 
expression of four hunian muscarinic acetylcholine receptors. EMBO J. 6, 3923- 
3929(1987), 

9. Ashkenazi, A,. Winslow, J., Peralta, E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, X An M2 muscarinic receptor sub^e coupled to both 
adenjdyl cyclase and phbsphomositide turnover; Science 238, 672-675 (1987), 
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. 10. . . Pines, M, Ashkenazi. A.. Cohm-Cbapiak, N., Bmder, L., and G^ler, A. 
Iid]jbition0ftihieproUfeiationofNb2]yDiphoiuaceib 
. OQncentrations of cholera toxin and pa^ 
tetradecaiioyl-phorbol-13-acetate. J. Cell. Biochem. 37, 119-129 (1988). 

11. Peralta. E. Ashkenazi. A.. Winslow. J. Ramflc.hflnHran/ T , atiH Papftn n 
Differential regulation of PI hydrolysis and adoiylyl cyclase by muscaiihic 
receptor subQi)es. Mifure 334, 434-437 (1988). 

12. Ashkenazi.. A. Peralta, E., Winslow, J., Ramachandtan, J., and Capon, D. 
Functionally distinct G proteiiis couple different receptors to PI hydrolysis in the . . 

. saine cell. Ce// 56, 487-493 (1989). 
!l3. AshkenazL A.. Ramachandran, J:^ and. Tapniti^ n Arft«yirtin]i'nf analogiie 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
jwefylcholinerecqptorsubtj^es. iVaft/re 340, 146-150(1989). 

14. Laminate, D., Ashkenazi. A.. Fleury, S., Smith, D.,jSd£aly, R., and Capon, D. 

The MHC-binding and jgpl20-bindihg domaiiis of <^4 
SWenc8245, 743-745 (1989). 

15. Aahkenaa:, Aa Presta^ L., Marsters, S.,. C^earato, T., Rosenthal, Fendly, B., 
andQQM)n, ip. Ms^ing the CX)4bmding site for hunianiinmunodefi&cienc^ 
virus. type 1 by alaninerscanning mutagenesis. Proc Nad. Acad. ScL USA. 87,' 
7150-7154 (199Q).' 

16. Chamow, S., Peers, D., Bym, R., Mulkerrin, M., Harris, R., Wang, W., Bjorkman, 
P., Capon, D., and Ashkenazi. A. Enzymatic cleavage of a GD4 immunoadhesin 
generates ciystalhzable, biologicaUy active Fd-like fiagments, A'ocAew^ 
9885-9891(1990), ' — . ^ . 

17. Ashkenazi, A., Smith, P., Marsters, S., Riddle, L, Gregory, T., Ho, P., and 
Capon, p. Resistance of primary isolates of human immunodefficiency virus tjpe 
1 to soluble CD4 is independent of CP4-rgp 120 bmding affinity. Proc. Natl 
Acad. ScL USA, 8^,7056-7060 (1991). 

18. ^^t^azi^ Marsters, S., Capon, P., Chamow, S., Figari., L, Penmca,D.^ 
Goeddel., P.,.Palladino, M,, and Smith, P. Protection against endotoxic shock by 
a tumor necrosis factor recq)tor immunoadhesin. Proc. Natl. Acad. Sci. USA. 88, 
10535-10539(1991). 

19. Moore, J.,McKeating. J., Huang. Y.. Ashkenazi. A .. andHo. D: Virions of 
primary iHV-l isolates resistant tO:sCP4 neutralization differ in sCP4 affinity and 
glycoprotein gpl20 retaition fiom sCD4-sepsitive isolates. J. ViroL 66, 235-243 
(1992). 
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20. Jm. H.» Oksenb^ D., Ashkenazi. A.. Febufta, S., Duncsdi, A., RdzmaheL, R., 
Yang, Y., Mengod, O., Palacios, J., and Q'Dowd, B. . Diaractanzatiob of flie 
humah 5>hydroxytiyptaa3uiBiB recqrtor. J. BioL Chenu 267, 5735-5738 (1992). . 

21. Marsters, A.> Frutkiii, A., Simpson, N., F^dly, B. and Ashkenazi. A. . 
Identification of cysteine-rich domains of the type 1 tumor nisraosis receptor 
involved in Ugand binding. 5ia/. CAew. 267, 5747-5750 (1992). 

22; Chamow, S., Kogan, T„ Peers^ D., Hastings, R., Bym, R., and Ashkenazi. A: 

Conjugation of sGD4 without loss of biological activity, vja a novel Oaibohydiate- 
directed cross-linking reagent J. Biol, Chenu 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., ODowd, B., Jin, H., Haylil^ S., Poroutka, S., and 
AsbkeiMzi. A. A single amino-acid difference confers major pharmacologic 
variation betwe^ homan and rodent 5-HTib receptors. Nature 360, 161-163 . 

(1992) . • 
24.. Hajak-Rr«uJsdio,M.,.Marstera,S.,abflmow,S.,Pe^^ 

AshkenazL A. Inhibitionof interferon y by an intoferony receptor 
imniimoadhesuL7mmtMo/<^. 79, 594-599 (1993). 

25. Penica, D., Lam, V., Wetoer, R., Kolir, W., Basa, L., Spelkaan, M., Asblcenaga, 
Shire, S., and Gbeddel, p. Biochenoical charactai2ati<ni of the ^(traceltal^ 
donidn of the 75-kd tumor necrosis factor receptor. 5focftcOTfa/o^ 32, 3 131-3 

(1993) . 

26. Barfod, L., Zheng, v., Kuang,W., Hart, M., Evans, T.,Cerione,R., and 
Ashkenazi. A. Cloning and expression of a human CTiCAJ cvrpas^ ArtivHting 

Protein reveals a flmctiond SH3-bindmg domain. / Pzd/; CAem. 268, 26059- 
'■^ 26062(1993).* • . , 

27. Chamow, S., Zhang, D., Tan, X., Mhtre, S., Marsters, S., Peers, D., Bym, 1L, 
Ashkenazi. A., and Yunghans, R. A humanized bispecific immunoadhesiA- . 
antibody that retargets CD3+ effectors to kill HIV-1 -infected cells. Immunol 
153, 4268-4280 (1994). 

28. Means, R., Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Inhibitidn of 
murine eiythroid colony foimiation in vitro by iterferon y and .correction by 
interferon yreceptor inununoadhesin. Blood 83-, 91 1-915 (1994). 

29. Haak-Frendscho, M;, Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
an dAshkenazi. A. Inhibition of TNF by a TNF receptor inununoadhesin: 
comparison with an anti-TNF mAb. J. Immunol 152, 1347-1353 (1994). 
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and Asbkeiiazi, A. Modification of CD4 immiinoadhesm with monomethoxy- 
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31. Jin, H., Yan& Maisters^ S., Bimtm 

Ashkena2d, A. Protection against rat endotoxic shock by p55 tiuhor necrosis factor 
(TNF) receptor inununoadhesin: comparison to anti-TNF monoclonal antibody^ X 
Infect Diseases 170y 1323-1326 (1994). 

32. Beck, J., Marsters, S., Harris, R., Ashkenazi. A>, and Oianiow, S. Generation of 
soluble interleukin-l receptor from an immunOadhesin by specific cleavage. MoL, 

. /ttiwm/zo/: 31, 1335-1344(1994). 
.33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow^ S., 
and Ashkenazi. A. Molecular and biological properties of an iaterleukin-i 
receptor immunoadhesin. MoL Immunol 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, Peroutka, S., and AshkeAazi, A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling, X Neurochem. 64, 1440- 
1447.(1995). 

35. Bajch, E., Szabo, S., Dighe, A„ Ashkenazi. A.. Aguet, M., Murphy, K., and 
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in T helper cell subsets. Science 270, 1215-:1218 (1995). 
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and Baker, J. Protection against endotoxic shock by bactOTcidal/permeability- 
increasinig protein in rats. /, Clin. Invest 95, 1947-1952 (1995). 
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(1999). 

53. Roth, W., Isenmann, S,, Naumann, U., Kugler, S., Bahr, M., Dichgans, 
Ashkenazi. A., and Weller, M. Eradication of intra4ranial human malignant 
glioma xenografts by Apo217TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
4S3(1999). . 

54. Bymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connelli M., Kelley, 
R.F.. Ashkenazi. A and de Vos, A,M. Triggering Ctell tieath? Thft Crysf^A 
Stfiicture of Apo2L/TRA]L in a Complex with Death Recq)tor 5, Molec. Cell. 4, 
563^571 (1999). 

55. Hymowitz, S.G., O^Connel, M.P„ Utsch, M,H., Hiirst, A., Totpai; K, Ashkenari, 
Aa de Vos, A.M., Kelley, RJP, A unique zinc^binding site revealed by a highr 
resolution X-ray stracturp of hOm6trimmc\^o2L/lRAIL Biochemistry 39, 633- 

•/ 640(2000). - V - . ^.rJ- - ' - - > 

56. : Zhou, Q., Fukushima, P., DeGrafF, W„ Mitchell, J.B;, Steder-Stevenson, M., 

Ashkenazi. A. and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpriessing cyclin Dl. Cancer Res. 60, 2611-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chunlharapai, A., Schow, P:, Khn, J., and 
Ashkenazi. A. App2L/I(RAJI^dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A, Grewal, LS., Wang, H., * Ashkenazi^ and *Dixit, 
V,M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
inmlmrity.^Afetere/wmwwa/..l, 37-41 (2000^ 
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59. Maisters, SX, Yan, Pitti, RM.^ Haas, P.E., Dixit, V.M,, and Ashkenazi/A. 
MeiBction of tbe TNF homologues.BLyS and APR]^ 
homploguesBCMA andTACa. Curr.^ . 

60. Kischkei, F.C., and Ashkenazi. A> Combining echanced'metabolic labeling with 
inimlmoblotting to detect interactions of endogenous ceUiilar prote 
Biotechnigues 29, 506-512 (2000). 

61. Lawrence, D., Shahrbkh, Z,, Marsters, S,, Achilles, KL, Shih, D. Mounho, B., 
Hillan^ K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 

. Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S,, Kelley, S:, 
Fox, L, Thomas, p., and Ashkenazi. A; Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med J, 383-385 (200l). . 
.62. Chunlharapai, A., Dodge, K,, Grimmer, KL, Schroeder, K., Martsters, S,A,, 
Koeppen. H.. Ashkenazi, A. , and Kim. ICJ, Isotype-dependent inhibition of 
. tumor growth in vivo by monoplonal antibodies to deafii receptor 4, X ImmtmoL 
166,4891-4898(2001). 

63. Pollack, LF.: Erffi M.. and Ashk^azL A , Direct stimulation of apoptotic 
signalifig by soluble Apo2L/tumor necrosis fector-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cbncer lies:. 7, 1362-1369 

bool). 

64. ^Wang, H., Marsters, S.A., Baker, T., Chan, B,, Lee, W.P., Fu, L., Tumas, D., Yan, 
M.> Dixit V-M., ♦Ashkenazi, A ,, and *Grewal, LS. TACI-ligahd interactions are 
reiquired for.T cell activation and collagen-induced arthritis in micfe. Nature 
/mmMno/. 2, 632-637 (2001), 

65. Kischkei^ F,C., i:^wrence/ D. A;, Tinel, A., Virmani, A.,^chow, P., Gazdar, A., 
Blenis, J>, Amott D«. and Ashkenazi, A , Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. . 
BioLChem.276y466Z9A6646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E„ to^al, K,, Morlai^ J,, Schow, P., 
Fonjg, S., Schwall, R., Sinicropi, D., and Ashkenazi. A t umor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitaBcl-2 homolog Bax. ^a^Mre Med 8, 274-2^ 

67. Miller, K., Meng, G., Liu, L, Hurst, A., Hsei, V„ Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault, Keller, G., Sliwkowski, 
M., Ashkenazi. A., and Presta, L. Design, Construction, and analyse of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003): . 
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68. Vaifolomeev, E., Kischkel, R, Martin, JF., Wanb,H;^ Lawrence, D., OlssDn, C, 
Tom, L, Erickson, S., French, D., Schpw, P., Giewal, I and Ashkenazi. A, 
Immune system development in APRIL knockout mice. Submitted; . 

Review articles: ^ , 

1. Ashkenazi. A.. Peralta, E., Winslow, J., Ramachandran, J,, and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. Lni,x263-272 (1988). . 

2. Ashkenazi> A .> Peralta, E,, Winslow, J., Ramachandran, J., and Capon, D. . 
. Functional diversity of muscsirinic receptor subtypes in cellular signal 

transduction and growth. Trends Pharmacol ScL t)ec Siq>plement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann,'A., Kahn, J., Allen, D., Eichberg, J., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 iinmunoadhesins in anti-HIV 

, therapy: new developmente. Int J, Cancer Suppleijient 7, 69-72 (1992). 

4. Ashkenazi. A ;, Capon, and D. Ward, R. Immunoadhesins. Int Rev. Immunol 10, 
217-225(1993). . . , 

5. Ashkenazil A „ and Pearalta, E. Musqarinip Receptots. In Handbook of Receptors 
and Channels. (S. Perouflca, ed.), CRC Press, Booi Raton, Vol. I, p. Ir27, (1994). 

6. Kjtantz,S. B., Means, R. T., Jr., Lina, J., Marsters, S: A., and Ashkenazi,. A , 
Inhibition of ^ythroid colony formation in vitro by gamma mterferon. In 
•Molecular Biology of Hematopoiesis (N. Abraham, R, Shadduck,' A. Levine F. 
Takaku, eds,) Intercept Ltd. Paris, VoL 3, p. 135-147 (1994); 

7. . Ashkenazi, A. C^okme neutralization as a potential therapeutic appro^^ 

- . > SIRS and stock. J. Biotechhblogy in Healthcare 1, 197-206 (1994). - 
8; : Ashkenazi;A ., and Chamow, S« M. Immunoadhesins: an alternative to human 

monoclonal antibodies. Immunomethods: A companion to Methods in 

Enzimology 9,104-115(1995). 

9. Chamow, S., and Ashkenazi. A . hnmunoadhesins: Principles and Applicatipns; 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi, A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (1997). 

1 1 • Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 

281,1305-1308(1998), 
12. Ashkenazi. A. , and Dixit, V, Apoptosis control by death and decoy reciters. 

Curr. ppim Cell Biol 11, 255-260 (1999). 



13. Ashkenazi> A, Chq)tCTS on Apo2I/rRAIL; DR4, DRS, DcRl, DCR2; aAdpcE3. 

Online Cvtokiiie Handbook fwww,aDn)etcom/cY tnHnerefi ^ 
14 AshkenazL A . Targeting deafli and decoy receptors of flie timnmfirmgfs factor 

saperfmdfy. Nature Re)^.Cmc^ 

15, LeBlanc, H, and Ashkenazi, A . Apoptosis signaling by Apo2I/rRAnJ. Cell Death 
arid Differentiation 10, $6-7^ 

16. Alma^san, A. and Ashkenazi. A . Ap62L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 

. (2003). 

Book: 

Antibody Fusion Proteins (Chamow, S,, and Ashkenazi. A ^ eds.^ John Wil^ and. 
Sons Inc.) (1999). 

Talks: 

1, Resistance of primary HIV isolates to CD4 is independent of CI)4-gpl26 binding 
affinity. UCSD Sympdsiuni, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

1 Use of immuno-hybrids to extend the half-life of receptors. EBC. conference on 
Biophannaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. BSC 
conference on Eftdotoxemia and Sepsis. Hiiladelphia, PA,' June4 992; ' 

4. ImmuiioadQiesins: an alternative to human antibodies^ IBC conference on 
Antibody Engineering. San Diego, CA, December 1993; 

5. Tumor necrosis factor receptor: a potential therapeutic for hiraian septic ishock. 
American Society for Microbiology Meeting, Atlanta, GA^ May 1993, 

6. Protectiye efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar,CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that Qontains two types of 
polypeptide chain. American Association of Immunologists Coiiference. San 
Franciso, CA, July 1995; 

8. Immunoadhesins: Principles and Applications. Gordon Reisearch Conference on 
. Drag Delivery in Biology and Medicine. Ventura, CA, February 1996. 



9. Apo-2 Ligand, a new member of the TNP family that induces q>optosis in tumor 
cells. Cambridge Symposium on TNF aoid Related Cytokines in Treatnierit of 
Cancer ffiltou-Head, NG, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 

. Orleans, LA, June, 1996. 
IL Apo21igand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Altp, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1 996, 

13. Apo-3: aaovel receptor that regulates cell death and inflammation: 4th 
international Congress on hiimune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor famities rejgulate j^optosis, 
inflanimation, and immunity. UCLA School of Medicine?, LA, CA, March 1997. 

15. Innnunoadhesins: an alteniatiye to monoclonal a^^ 5fh World Conference 
on Bispecific Antibodies. Volmdam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Rarbor, New York. Sq)temb?r, 1997. 

17. Chairman and sp^er, Apoptosis Signaling session. IBC's 4th Animal 
Conference on Apoptosis. SanDiego, CA., October 1997. 

18. Control of Apo2L signalmg by death and decoy repq)tors. American Association 
forthe Advancement of Science. Philladelphia, PA, February 1998. 

-19. Apo2 Ugand andits^eceptors. AmericmSocijetyof Immu^ 
Francisco, CA, April 1998: 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
Mayl998, 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
CA, June 1998, 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Confe]::ence on 
Cancer Chemotherapy. New London, >JH, July 1998. 

23. Control of apoptosis by Apo2L: Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. Intemationai Cytokine Society Conference, 
Jerusalem, Ismel, October 1998. 
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Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistle, BC, Canada, Mardi 1999. 
Apoptosis control by death and decoy receptors. American Society for ^ 
Biochemistry and Molecular Biology Conference; San Franci$c6, CA^ May 1999; 
Apoptosis control by death and decoy receptors. Goirdon Reseairch Conference on 
Apoptosis,NewLondon,NH, June 1999, . 
Apoptosis control by death and decoy receptors. Arthritis Foimdation Researph 
Conference, Alexandria GA, Amg 1999. 

Safety and anti-tumor activity of recombinant soluble Apo2UTRA^ Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

The Apo2I/rRAIL system: ther^eutic potential!. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

Apoptosis and cancer therapy, Stanford UniversitylSchool of Medicine, Stanford, 
CA,Mar2000; 

Apoptosis and cancer therapy. University of Pennsylvania School of Medicine 
Phflladelphia, P A, Apr 2000. 

Apoptosis dgnaling by Apo2L/TRAIL. hitematioiial Congress on TNF. 
Trondheim, Norway, May 2000. 

The Apo2L/TRAIL system: therapeutic potential. Cap-CURE siunmit meeting. 
Santa Monica, CA, June 2000. . 

The Apo2L/TRAIL system: thersqpeutic potential. MD Anderson Cancer.Center. 

Houston, TX, June 2000. 

Apcq)tosis signaling bpApo2L/TRAIL. Thfe Prot 

San Diego, CA, August 2000. 

Mti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 

Institute, UC Sah Francisco, CA, September 2000. 

Apoptosis signalirig by Apo2L/TRAIL. Kenote address, TNF family 

Minisymposium, NIH. Bethesda, MD, September 2000. 

Death receptors: signaling and modulation. Keystone symposium on the 

Molecular basis of cancer. Taos,NM, Jan 2001. 

Preclinical studies of Apo2L/TRAIL m cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis sigiuding by Apo2I/rRAIL. Wiezmann Institute of Scirace, RehoVo^ 
Israel, March 2001. 

A3. Apo2I/TRAIL: Apoptosis signalmg and potei^tial for canc^ therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . . 

44. Targeting death receptors in cancer with Apo2L/TRAIL, Cell Death and Disease 
conference. North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 20011 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UIs July 2001, 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. ' 

48. Apoptosis signalmg by deafli receptors: overview. Ihtemational Society for 
fittt^eron and Cytokine Research confereuce^ Cleveland^ OH, Oct 2001 . 

49. Apoptosis signaling by death receptors, American Society of Nephrology 
Conference. San ]Pranciscb,CA, Oct 2001. 

50. Tiirgeting death recq)tors in cancer. Apoptosis: commercial opportunities. San' 
Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signaling and apoptosis resistance mechanisms. Bommel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002, 

53. Apoptosis signaling by Apo2I/rRAIL. (Session co-chair) TNF international 
• conference. San Diego, CAf October 2002. " ^ i ' ' :^ 

54. Apoptosis signaling by Apb2L/TRAlL. Swiss Institute for Cancer Res 
(BREC). Laxisanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL, Conference on New Targets and 
Innovative Strategies m Cancei; Treatment Monte Carlo. February 2003. 

56. Apoptosis signalmjg by Apo2I/IRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003 . 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies m the Treatftient of Breast Cancer. Kona, Hawaii, July 2003. 

58. Targeting^optosis through death receptors. Second Ihtemational Conference on 
Targeted Cancer Therapy. Washmgton,^ DC. Aug 2003. 



Issiied Patents: 



.1. . Ashkaiaa, A.,C!liamow,S.andKogaii»T. Caitbhydirate-dii^ctedcrossli^^ 
reagents; US patent 53^9,028 (Jul 12, 1994). 

2. - Ashkenazi, A.» <Giamow, S. and Kogan, T. Caii)ohydrat6Tdirect4dcrosslihkmg 

reagents. US patent 5,605,791 (Feb 25, 1997). ' 

3. Ashkenazi, A., Ciamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999V 

.4. Asbkenazi,A.,AP0-2Ligand, USpatent6;630,945(Feb29,2000). 
5; Ashkismazi, A, Qiuntharqjai, A.i Kiin, J., APO-2 ligand aijtibo US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000).. 

7. Ashkenazi, A, Chuntharapai, A, Kim, J., Method for milking monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ad]k6nazi,A APO-2; Receptor. US patent 6,342,3^9 (jaii 29, 2002). 

9.. Ashkenad, A Fimg, S., Goddard, A, Gumey, A, Napier, M., Tumas, D., Wood, W. 
A-33 polypq?tides, US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenaa, A APO-3 Receptor. US patent. 6,462,176 Bl (Oct 8, 20(»). 

11. Ashkenazi, A AP0-2LI and APO-3 polypeptide antibodies! US patent 6,469,144 Bl 
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12. Ashkenazii A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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£11^2/11611 Breast Cancer Predictive Testiiig 



Each year. bVER.t82,0p0 WOMEN ill Ae United- States w 
djagnosedwith breast cancer/and aikproxhnately 45,00p,die 
of the disease.! Incidence appears .to be increasing in the 
Uhifea^tates at ii rate of roughly it€ per yen; The rmotis 
fbr^'incmse aienn^Wyto appear 
to^Iay a Jafge role.^;- ' — • 

TFive^year jsapdyal rates laog^fioin^iKit^^^ 65^^^ . 
8S9€> dq)cnding on demograpliic gioup^'wilh ti «ignfficant 
percentage, of women exp^endng lecuncaice of their i»tncer' 
^thhi lOyeaisofdiagntfsi&OneoMeib^^ 
tivp fi>r r«(mience once a diagiv^is 
made is the number .of ndUaiy lym to which tumor 

has metastasized. Most nodOrposiUye women are grvcn adjust 
vant thOTpy, which increases theffgnrvival. However, 20%- 

• 5(W^-of -patients without ^illar^^^odc involvement «l5o 
deveI<^reatfteQtdJsease^an'd^^ 
tiiy ttus high-tisk subset of patients, Thes[e patients c<m)d 
baieflt-fh>m;incceased surveiilaiic^- eaiiiy lntervattion« and 
tieatttt^Qt* . ' 

Prognostic maH^rs currently used in breast cancer recur* 
rence prediction mdudettunor size, faistolb^cal gnade, steioid 
hOTilone receptor status, DNAploi^y. pioKferative index, and 
catlMpsIn D status. Eqspression of gcowlh ihctor receptors and 
over^^ression of the HER*^2/DeQ oncogm have also been 
identilQeMd as having value legarduig toeatmeftt r^imen and' 
p.rognQsis^ ^ 

fi]g?fe^2/b^u (af|p knOwTas o-erro2) ifan oncogene that 
encode a transmembrane ^copr^ein that is honidlogous 
to» but distinct from, the epidermal growth factor receptee. 
Numerous studies.faave indicated tiiat hi^ levels of expres* 
tibn of this protehi are associaM with rapid tumor growth, 
certain forms' of therapy resistance, and shorter disease*&ee 
siiryival- The gene has been shown to be ampiltied and/or 
overexpr^ssed in 10%-30% of invasive breast caneers 'and in 
40%*€0% of intraductal breast caftinbma.^ 

There are two distinct FDA-approved methods by.tiiiich 

. RER-2/neu states can be evaluated: imniunobistochemistiy 
(IHC, HetcepTest^ and FISH (fluorescent in sitvi hybridiza- 
tion, PathVysibn^ Kit), Both methods can be .performed on 
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assessment of the amount of HER*2Aira protein present on 
die cell membraiie. l%e iattermetfaoil.alloivs diie'ct quanta* 
catioti of the level of fecneamplificationfttesent in the tumor» 
enabling differentiation betweeu low- versus h|gh*amplifica- 
tx(fli. At least on.e study has deinmKtrate.d a difference in 



.1 

recurrence risk in women younger than 40 years of age for 
low-- versus Wgh-amplificd lienors (S4J% CjOmpaied to 
85:7%); Ms Is ciompared to a reomrence rate of 1 6.7% for 
patients with no HER-2/nea gene aii^liiicatlon*^ ID^ 
stetusmayl^particularty nnportanttocstabH^ . 
^sim11(^V^}tomdr8ize.^ , ^. ^ - 

^ TTi8:*holce of mcflHHfelowTor i^texmination ofBBSi^2f ' 
nen^tusdepends hipAton diediideal s9ltfaig.FDA Qipproval 
fox the Vyais-nSH test was granted based on clinical dais 
bwblvfagil549npd©.po?itivepatients* Patients received one 
of direc tfcK^t treatments cdmi^ 
icydopho^phamSde, Adriamycfai. and 5<ftu<»roumcil (CAP>. 
The study showed that patients witti amplified HBk*2/Qai 
benefited fipom treatment witK iiigber doses of ^idrianwein- 
based themFy,.while^tW;Wilh«oiinalI]ER^ . 
ttdt The study. Ih^fitfe identified.a sub^ pf women, who 
' beoause they did liot benefit ir<sm. more ag^ressivp treatment, 
did not ne^d to be exposed tp the asspcia^ side effects. In 
addition; other evidence mdlcates that HEB.-2/ht^ ainplifica- 
tXoti ii> hode-negatWe patients can be nsedas an mdepoft^att 
prognostic mdicatorforea^lyrecmratce,iecuiiaiidistt8ei(^ . 
ai^ timeand disease^related deadt^ Demonstnrtioii of HBR« 
2/iiett gene amptification by FISH has also be^ shown to be * 
of value in predipting response tb chemotherapy in stage*2 
breast canbor patients. . * " 

cion^ antibody %empy»^^^^^b^^^ 
ti<i9oirHpU2/neQpri^^'oiveiexji^ ' 
Studies udng Hereeptin<^ in patiente wi^ metastatic bieask 
cancer show an increase in time to disease progression, 
increased response rat^ to chemptherapeutic ajgents and a ^nall * 
increase in overall feunriyal rate. TheflSH assays hove nc^t yet 
been approved for this purpose, and smdtcslookiag'attesponse 
to Hcrceptin^ m patients witii «r wlOiput gene anH>Iific8tlQn * 
.status detenxdned by FISH are ha progress* 

In genetal, FISH and IHCresutts c<wtelatc will. Howeven 
. subsets of tumors are found which show discoidant results; 
i;e.,proteinoYerexpression without gweamplificatiohb^ 
ofptotein oycrcxpressieri witfi gfene an^UficatioikThe tlini- 
Ga]sigmficancejof8iichresid.t8is.uncIear. Base<l on 4ie above 
coasldetfrtions, HBR»-2Aieto^testiag at SH^ 
lize immunohlstochendstqr (Herceplbst^ as a screen, fol- 
lowed I^SH m ra&negatfve cases/ Alternatlveif, d 
method may be ordered individual^ #ependuig oa &e oHnl* 
cat setiiiie (NT cUnician preference. 



CPT code Informatioii 

I]EI^2/aeuyIaIHC 

88}42 (including inteiptethw lepott) 

'9174 Mdccular cytogenetics, interphase in situ I^Wd- 

.u^tioi^-snfilyze 25-99 cells 
. 81291. C^ogenetips andmoIecQlarcytoeenetics, interpret 

fattonan^ report 

Irocedi&rfd lafoniuition 

ItmpunohistochemistQr is perfdim^dusbg the IfDA-a^ioVed 
j)\KO antiboily kit; Heic^test0. Hie BAECO kit contai]is 
• fcageots required tQ con^Iete a twc^step immiinoMatOK 
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nl)bft antib^tolra^ - 
a rea^tOHH^ dextran^based visoalization reagent' Ihis le- 
agent consists of both secondaiy goat anti*rabMt antibody- * 
laoleciiles with horseradish pmddase nkolecules Ihiked.ta a 
waSam dextxan polymer backbone^ dfaniiialing Ibe^ed 
. ftr sequentiaf sy^licatioa oF link, antibody and peroa^idase 
'CQiijueated antibody. lEn^m'atic conversion ^fthe subse- ; 
qoestly added' ^hromogen results inrformation of visible 
reaction product at littMtigen site» 11m spedn^ 
tfsstaln^; a patholo^'vsiog li^^-naicroseopy inteiprets . 
.fcsulis, 

nSH analysts at SHMOPAML Is .performed using die 
FDA-apptovedPathVysioaw HBR-2Aieu BNA probe kit, pib- 
(bcedbry Vysls,'lnc,|Fi^^ foed, paraffiii-embeddedbieast 
tissue is procef^ usmg routine histolo^cd methods, and dien 
dldes'are treated to aOow b^ridization of PNA probes to the 
fiuolet present in the tissue e^on. ThePadbnrysion''M kh con- 
tains two direct^labeled BH^ probes, one ape^c the 
alphoid repetitive DNA(CBP17,jSpectnmi.orange)present . 
* ihe chitinios^ipH^^^^glM the'seboi»l^ the HBR- 
iTttcni tmcogene locked at 17ql i«2*12 (spec^^ 
meration of the probes allows a ratio of the number of copies 
of cbiomosome 17 to the cumber of copies of HER^l/heu to . 
be obtained; this enables quandfication of low versus high 
' ampltiication levds, and allows an estimate of die percentage 
of cells i^di .H£R-2/rieu gene amplication. The cMnically 
televant disttnctioA is whedier the'g^ne'an^lification is due 
to hicr6«aed gene'cqiy number on the two chromosome 17 
homolbgues nonnalty present or an inonease in the numb^.of 
chromosome i7s iii the cells. In the ni{gority of cases, ratio 
'e(^iivalents less dian 2.0 are mdicative of a nonnal/negative 
testth» ratios of 2.1 and over indicate that amplification is 
present and to what degree, biteipietation ofthis data will be 
peffonbed and reported from di^ Vysis-c^tified Cytosenet* 
lei iabomtoiy at SHMC 
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Tue Feb 12 09:52:59 2002 [BLiASTP 2.2.1 [Jul-12-2001] , NCBI] 
/home/ruby /va/Molbio/carpenda/tempids/pl .DNA58723 (720 aa) 
/home/ruby /va/Molbio/carpenda/tempids/pl .DNA58723 



Sequences producing High-scoring Segment Pairs: 


Score 


Match 


Pet 


E-val 


1 


P_AAB65218 


Human PR01344 (UNQ699) protein sequence SE 


3945 


720 


100 


0, 


.0 


2 


P_AAB87544 


Human PR01344 - Homo sapiens. 


3945 


720 


100 


0, 


.0 


3 


P_AAU2 9108 


Human PRO polypeptide sequence #85 - Homo 


3945 


720 


100 


0, 


.0 


4 


P_AAY66695 


Membrane -bound protein PR01344 - Homo sapi 


3945 


720 


100 


0, 


.0 


5 


P_AAB70532 


Human PR02 protein sequence SEQ ID NO: 4 - 


3939 


718 


100 


0, 


.0 


6 


P_AAU00401 


Human secreted protein, P0LY13 - Homo sapi 


3939 


718 


100 


0, 


.0 


7 


CAC38970.1 


unnamed protein product - Homo sapiens 


3939 


718 


100 


0, 


.0 


8 


CAC33410.1 


unnamed protein product - Homo sapiens 


3939 


718 


100 


0, 


.0 


9 


P_AAY88280 


Human TANGO 215 protein - Homo sapiens. 


3936 


718 


100 


0 


.0 


10 


P._AAB85891 


Human serine protease- like protein (hC-PLA 


3912 


719 


98 


0 


.0 


11 


P_AAB93670 


Human protein sequence SEQ ID NO: 13202 - H 


3912 


719 


98 


0 


.0 


12 


BAB55404.1 


unnamed protein product - Homo sapiens 


3912 


719 


98 


0 


.0 



Dayhoff Protein Database (Rel 78, Mar 2004) 



720 100 0.0 720 aa 

P_AAB65218 Human PR01344 {UNQ699) protein sequence SEQ ID NO: 231 - Homo 

sapiens. 
Accession: P_AAB65218; 
Species: Homo sapiens. 

Keywords: Human; secreted and transmembrane protein; PRO; cytostatic; cell 
death; cancer; chromosomal mapping; gene mapping; tissue typing; 
diagnostic assay; patent; GENESEQ patentdb. 

Patent number: WO200073454-A1 . 

Publication date: 07-DEC-2000. 

Filing date: 30-MAR-2000; 2000WO-US008439 . 

Priority: 02-JUN-1999; 99WO-US012252 . 23-JUN-1999; 99US-0141037P . 

07-JUL-1999; 99US-0143048P . 15-MAR-2000 ; 2000WO-US006884 . 

20-MAR-2000; 2000WO-US007377 . plus 21 more dates. 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Ashkenazi AJ, Baker KP, Botstein D, Desnoyers Eaton DL; 

Ferrara N, Fong S, Gerber H, Gerritsen ME, Goddard A, Godowski PJ; 
Grimaldi CJ, Gurney AL, Kljavin IJ, Napier MA, Pan J, Paoni NF; Roy 
MA, Stewart TA, Tumas D, Watanabe CK, Williams PM, Wood WI ; Zhang 
Z; 

Cross reference: WPI; 2001-032160/04. N-PSDB; AAF44180. 

Title: PRO polynucleotides used to produce polypeptides used to target 

bioactive molecules such as toxins, radiolabels or antibodies, to 

specific cells, to cause targeted cell death. 
Patent format: Claim 12; Fig 159; 935pp; English. 

Comment: The present invention describes human secreted and transmembrane 
PRO proteins. The PRO proteins have cytostatic activity. The PRO 
proteins can be used for targeted delivery of bioactive molecules, 
such as toxins, radiolabels or antibodies, that cause cell death. 
PRO nucleotide sequences, and their fragments, can be used as 
hybridisation probes, in chromosomal and gene mapping, and in the 
generation of ant i- sense RNA and DNA. They may also be used to 
produce transgenic animals which are used to develop and screen 
therapeutically useful reagents. The PRO nucleotide and protein 
sequence can be used for tissue typing and in treating cancer. 
Anti-PRO antibodies can be used in diagnostic assays. AAF44270 to 



AAF44470 represent PGR primers and hybridisation probes used in the 
isolation of human PRO sequences. AAF44087 to AAF44269 and AAB65154 
to AAB65300 represent human PRO polynucleotide and protein 
sequences given in the exemplification of the present invention 
Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

720 100 0.0 720 aa 

P_AAB87544 Human PR01344 - Homo sapiens. 
Accession: P_AAB87544; 
Species: Homo sapiens. 

Keywords: Human; PRO protein; mapping; patent; GENESEQ patentdb. 

Patent number: WO200116318-A2 . 

Publication date: 08-MAR-2001. 

Filing date: 24-AUG-2000; 2000WO-US023328 . 

Priority: Ol-SEP-1999; 99WO-US020111 . 15-SEP-1999; 99WO-US021090. 

07-DEC-1999; 99US- 01694 95P . 09-DEC-1999; 99US- 0170262P . 

ll-JAN-2000; 2000US- 0175481P . 18-FEB-2000; 2 000WO-US004341 . 

18-FEB-2000; 2000WO-US004342 . 22-FEB-2000; 2000WO-US004414 . 

Ol-MAR-2000; 2000WO-US005601 . 03-MAR-2000 ; 2000US-0187202P . 

21-iyiAR-2000; 2 OOOUS- 0191007P . 30-MAR-2000 ; 2000WO-US00843 9 . 

25-APR-2000; 2000US-0199397P . 22-MAY-2000; 2000WO-US014042 . 

05-JUN-2000; 2000US-0209832P . 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Eaton DL, Filvaroff E, Gerritsen ME, Goddard A, Godowski PJ; 

Grimaldi CJ, Gurney AL, Watanabe CK, Wood WI ; 
Cross reference: WPI; 2001-183260/18. N-PSDB; AAF92076. 
Title: Eighty four nucleic acids encoding PRO polypeptides, useful in 

molecular biology, including use as hybridization probes, and in 

chromosome and gene mapping. 
Patent format: Claim 12; Fig 38; 278pp; English, 

Comment: The present sequence is a human PRO polypeptide (secreted and 

transmembrane) . The PRO protein, and PRO agonists, PRO antagonists 
or ant i- PRO antibodies are useful for preparation of a medicament 
useful in the treatment of a condition which is responsive to the 
PRO protein, agonists, antagonists or anti-PRO antibodies. The PRO 
protein may also be employed as molecular weight markers for 
protein electrophoresis. The PRO coding sequence has applications 
in molecular biology, including use as hybridisation probes, and in 
chromosome and gene mapping 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

720 100 0.0 720 aa 

P_AAU29108 Human PRO polypeptide sequence #85 - Homo sapiens. 
Accession: P_AAU2 9108; 
Species: Homo sapiens. 

Keywords: PRO polypeptide; mammal; tumour; cancer; human; cattle; horse; 

sheep; dog; cat; pig; goat; rabbit; tumour necrosis factor alpha; 

TNF-alpha; blood; chondrocyte cell; cell proliferation; cell 

differentiation; colon; adrenal; lung; breast; prostate; rectum; 

cervix; liver; genetic disorder; patent; GENESEQ patentdb. 
Patent number: WO200168848-A2 . 
Publication date: 20-SEP-2001. 
Filing date: 28-FEB-2001; 2001WO-US006520 . 

Priority: Ol-MAR-2000; 2000WO-US005601. 02-MAR-2000; 2000WO-US005841 . 

03-MAR-2 000; 2 000US-01872 02P . Ol-DEC-2 0 00 ; 2 000WO-US032678 . 

20-DEC-2000; 2000WO-US034956 . plus 36 more dates. 
Assignee: (GETH ) GENENTECH INC. 



Inventors: Baker KP, Chen J, Desnoyers Goddard A, Godowski PJ, Gurney 

AL; Pan J, Smith V, Watanabe CK, Wood WI, Zhang Z; 
Cross reference: WPI; 2001-602746/68. N-PSDB; AAS46009. 

Title: Novel nucleic acids encoding PRO polypeptides, used to diagnose the 
presence of tumors, such as prostate and breast tumors, in mammals 
and to screen for modulators of the compounds. 

Patent format: Claim 11; Fig 170; 774pp; English. 

Comment: Sequences AAU2 9024-AAU29328 represent PRO polypeptides of the 

invention. The PRO polypeptides and their associated nucleic acids 
can be used to detect the presence of a tumour in a mammal by 
comparing the level of expression of a ,PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal . Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but are 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
the proliferation or differentiation of chondrocyte cells. The PRO 
proteins can be used to determine the presence of tumours and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in 
mammalian subjects. The oligonucleotide probes specific for the PRO 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 

Database: GENESEQ patent database {v200420, 23-SEP-2004) . 

720 100 0.0 720 aa 

P_AAY66695 Membrane -bound protein PR01344 - Homo sapiens. 
Accession: P_AAY66695; 

Species: Homo sapiens. 

Keywords: Membrane -bound polypeptide; PRO polypeptide; LDL receptor; TIE 
ligand; pharmaceutical; receptor iramunoadhesin; gene mapping; 
patent; GENESEQ patentdb. 

Patent number: WO9963088-A2 . 

Publication date: 09-DEC-1999. 

Filing date: 02-JUN-1999; 99WO-US012252 . 

Priority: 02-JUN-1998; 98US-0087607P. 02-JUN-1998; 98US- 0087609P . 

02-JUN-1998; 98US- 0087759P . 16 -SEP- 1998 ; 98US- 0100634P . 12-JAN-1999; 

99US-0115565P. plus 133 more dates. 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Baker K, Chen J, Goddard A, Gurney AL, Smith V, Watanabe CK; 
Wood WI, Yuan J; 

Cross reference: WPI; 2000-072883/06. N-PSDB; AAZ65034. 

Title:. Membrane -bound proteins and related nucleotide sequences. 

Patent format: Claim 12; Fig 159; 822pp; English. 

Comment: The invention provides membrane -bound PRO polypeptides and 

polynucleotides encoding them. The PRO sequences of the invention 
were identified based on extracellular domain homology screening. 
The PRO sequences have homology with proteins including LDL 
receptors, TIE ligands and various enzymes. The membrane -bound 
proteins and receptor molecules are useful as pharmaceutical and 
diagnostic agents. Receptor immunoadhesins, for instance,, can be 
used as therapeutic agents to block receptor- ligand interactions. 
The membrane -bound proteins can also be employed for screening of 
potential peptide or small molecule inhibitors of the relevant 
receptor/ ligand interaction. The PRO encoding sequences are useful 



as hybridization probes, in chromosome and gene mapping and in the 
generation of antisense RNA and DNA. PRO nucleic acid sequences 
will also be useful for the preparation of PRO polypeptides, 
especially by recombinant techniques 
Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

718 100 0.0 720 aa 

P_AAB70532 Human PR02 protein sequence SEQ ID NO: 4 - Homo sapiens. 
Accession: P_AAB70532 ; 
Species: Homo sapiens. 

Keywords: Human; PRO; PROX; cytostatic; immunomodulatory; reproduction; 

gene therapy; cell proliferation; differentiation disorder; cancer; 

immune associated disorder; gestational disease; pre-clampsia; 

patent; GENESEQ patentdb. 
Patent number: WO200110902-A2 . 
Publication date: 15-FEB-2001. 
Filing date: ll-AUG-2000; 2000WO-US021857 . 

Priority: ll-AUG-1999; 99US-0148433P . lO-AUG-2000; 2000US- 00635949 . 
Assignee: (CURA-) CURAGEN CORP. 

Inventors: Shimkets RA, Fernandes E; 

Cross reference: WPI; 2001-147509/15. N-PSDB; AAF74433. 

Title: Nucleic acids encoding secreted polypeptides, designated PROX 

polypeptides, useful for treating a syndrome associated with a 

PROX- associated disorder, e.g. cancer. 
Patent format: Claim 1; Page 9-12; 166pp; English. 

Comment: The present invention describes isolated nucleic acids encoding 
secreted polypeptides, designated PROX polypeptides (i.e. a PRO 
polypeptide where X is an integer from 1 to 17) . PROX polypeptides 
have cytostatic, immunomodulatory and reproduction activities, and 
can be used in gene therapy, and as PROX antagonists and PROX 
agonists. PROX polypeptides, nucleic acids and antibodies are 
useful in the manufacture of a medicament for treating a syndrome 
associated with a PROX-associated disorder, e.g. a cell 
proliferation and/or differentiation disorder (e.g. cancer or 
immune associated disorders) and a gestational disease (e.g. 
pre-clampsia) . They are also used for screening for a modulator of 
activity or of latency or predisposition to a PROX-associated 
disorder. AAF74432 to AAF7444-8 encode the specifically claimed 
human PROX polypeptides PROl to PR017 given in AAB70531 to AAB70547 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

718 100 0.0 720 aa 

P_AAU00401 Human secreted protein, P0LY13 - Homo sapiens. 
Access ion : P_AAUO 04 0 1 ; 
Species: Homo sapiens. 

Keywords: Human secreted protein; therapeutic; diagnostic; human; cancer; 

patent; GENESEQ patentdb. 
Patent number: WO200119856-A2 . 
Publication date: 22-MAR-2001. 

Filing date: 13-SEP-2000; 2000WO-US025106 . 

Priority: 13-SEP-1999; 99US-0153629P . 16-SEP-1999; 99US-0154520P . 

20-SEP-1999; 99US-0154762P . 13-OCT-1999; 99US-0159231P. 

12-SEP-2000; 2000US-00659634 . 
Assignee: (CURA-) CURAGEN CORP. 

Inventors: Shimkets RA, Fernandes E, Herrmann JL, Liu X, Yang M, Boldog FL; 

Cross reference: WPI; 2001-244781/25. N-PSDB; AAS01222 . 

Title: New POLYX polypeptide useful for treating or preventing a POLYX 



associated disorder, e.g. cancer. 
Patent format: Claim 9; Page 40-42; 152pp; English. 

Comment: The sequence represents the amino acid sequence of human secreted 
protein, P0LY13 , POLYX nucleic acids, polypeptides and antibodies 
to POLYX can be used for treating or preventing a POLYX associated 
disorder in a subject, preferably a human. These can be used in the 
manufacture of a medicament for treating a syndrome associated with 
a human disease selected from a POLYX-associated disorder, where 
the therapeutic is a POLYX polypeptide, a POLYX nucleotide or a 
POLYX antibody. They may also be used to screen for a modulator of 
activity, or latency, or predisposition to a POLYX associated 
disorder, e.g. cancer 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

718 100 0.0 720 aa 

CAC38970 unnamed protein product /pid=CAC3 8970 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Shimkets,R.A. , Fernandes, E. , Herrmann, J. L. , Liu,X., Yang,M. and Boldog, F.L . , 
Patent: WO 0119856-A 25 22-MAR-2001; Curagen Corporation (US) 
Title: Secreted human proteins, polynucleotides encoding them and 
methods of using the same 

Locus: AX133839 

Accession: AX13383 9 

Cross-references: GI : 14139792 ; CAC38970.1; AX133839_1 
Database: GBTRANS 

718 100 0.0 720 aa 

CAC33410 unnamed protein product /pid=CAC33410 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Shimkets,R.A. and Fernandes , E . , Patent: WO 0110902-A 3 15-FEB-2001; Curagen 
Corporation (US) Title: Nucleic acids and secreted polypeptides 
encoded thereby 

Locus: AX084209 

Accession: AX084209 

Cross-references: GI: 13185713; CAC33410.1; AX084209_1 
Database: GBTRANS 

718 100 0.0 720 aa 

P_AAY88280 Human TANGO 215 protein - Homo sapiens. 
Accession: P_AAY88280 ; 
Species: Homo sapiens. 

Keywords: TANGO 180; TANGO 181; TANGO 182; TANGO 183; TANGO 184; TANGO 185; 

TANGO 186; TANGO 188; TANGO 189; TANGO 215; TANGO 187; human; 

murine; secreted protein; transmembrane protein; gene therapy; 

vaccine; diagnosis; treatment; detection; patent; GENESEQ patentdb. 
Patent number: WO200018904-A2 . 
Publication date: 06-APR-2000. 
Filing date: 30-SEP-1999; 99WO-US022817 . 

Priority: 30-SEP-1998; 98US-00164220 . 02-OCT-1998; 98US-00164169 . 
Assignee: (MILL-) MILLENNIUM BIOTHERAPEUTICS INC. 

Inventors: Barnes TM; 

Cross reference: WPI ; 2000-293144/25. N-PSDB; AAA39951, AAA39952. 
Title: Isolated nucleic acids encoding TANGO polypeptides useful for 

preventing, diagnosing and treating diseases associated with 

inappropriate protein expression. 
Patent format: Claim 9; Fig 19; 249pp; English. 

Comment: This invention describes novel human and murine nucleic acids 



encoding TANGO polypeptides (which are either wholly secreted or 
transmembrane proteins) which can be used for gene therapy and/or 
vaccination. The peptides are designated TANGO 180 to TANGO 189 and 
TANGO 215. The nucleic acids may be used to produce TANGO 180 to 
TANGO 189 and TANGO 215 polypeptides according to standard 
recombinant DNA methodologies. They may also be used to detect and 
quantify the presence of TANGO nucleic acids in a sample and 
therefore identify or diagnose diseases associated with 
inappropriate TANGO expression (e.g. diseases related to over or 
under expression of the polypeptides or the expression of inactive 
polypeptides) . The nucleic acids and the polypeptides they encode 
may be used according to standard gene therapy protocols, to treat 
diseases associated with inappropriate TANGO expression by 
supplementing a patients own production of the polypeptide of to 
rectify mutations that may result in expression of an abnormally 
active polypeptide. The polypeptides may also be used to identify 
and produce agonists and antagonists of TANGO expression and 
activity which may be used to modulate TANGO related processes and 
diseases. The polypeptides are particularly useful for use as 
antigens for producing antibodies to TANGO proteins which may be 
used for inhibiting the activity of TANGO proteins. They may also 
be used to detect and quantify the presence of TANGO proteins in 
samples and therefore identify patients in whom the protein is 
over- or under- expressed. This sequence represents the human TANGO 
215 protein described in the method of the invention 
Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

719 98 0.0 737 aa 

P_AAB85891 Human serine protease-like protein {hC-PIjACE1009992) - Homo 

sapiens . 
Accession: P_AAB85891; 
Species: Homo sapiens. 

Keywords: Serine protease-like protein; C-PIiACE1009992 ; Alzheimer's 

disease; pharmaceutical; nootropic; neuroprotective; gene therapy; 
human; patent; GENESEQ patentdb. 

Patent number: WO2 0010934 9-A1 . 

Publication date: 08-FEB-2001. 

Filing date: 28-JUL-2000; 2000WO- JP005062 . 

Priority: 29-JUL-1999; 99JP-00248036 . 27-AUG-1999; 99JP-00300253 . 

18-OCT-1999; 99US-0159590P . ll-JAN-2000; 2000 JP-00118776 . 

17-FEB-2000; 2000US-0183322P . 02-MAY-2000; 2000JP- 00183767 . 
Assignee: (HELI-) HELIX RES INST. 

Inventors: Ota T, Isogai T, Nishikawa T, Hayashi K, Saito K, Yamamoto J; 

Ishii S, Sugiyama T, Wakamatsu A, Nagai K, Otsuki T, Yano K; 

Murakami K, Kanzaki K, Inoue Y, Hashimoto E, Kashima A; 
Cross reference: WPI; 2001-564738/63. N-PSDB; AAH47256- 
Title: New genes encoding serine protease-like protein, useful for 

diagnosis and treatment of Alzheimer's disease. 
Patent format: Claim 1; Page 55-63; llOpp; Japanese. 

Comment: The invention relates to genes encoding serine protease-like 
proteins. The genes are human and murine C-PLACE1009992 . The 
proteins can be expressed by standard recombinant methodology. The 
genes and proteins are useful in the diagnosis of Alzheimer's 
disease, or developing pharmaceuticals for treating the disease, 
and gene therapy. The present sequence represents the human serine 
protease-like protein (hC- PIiACE1009992) 

Database: GENESEQ patent database {v200420, 23-SEP-2004) . 



719 98 0.0 737 aa 

P_AAB93670 Human protein sequence SEQ ID NO: 13202 - Homo sapiens. 

Accession: P_AAB93670; 
Species: Homo sapiens. 

Keywords: Human; primer; detection; diagnosis; antisense therapy; gene 

therapy; patent; GENESEQ patentdb. 
Patent number: EP1074617-A2 . 
Publication date: 07-FEB-2001. 
Filing date: 28-JUL-2000; 2000EP-00116126 . 

Priority: 29-JUL-1999; 99JP-00248036 . 27-AUG-19.99 ; 99JP-00300253 • 
ll-JAN-2000; 2 000 JP- 00118776 . 02 -MAY-fbOO ; 2000 JP-00183767 . 
09-JUN-2000; 2000JP-00241899 . 

Assignee: (HELI-) HELIX RES INST. 

Inventors: Ota T, Isogai T, Nishikawa T Hayashi K, Saito K, Yamamoto J; 

Ishii S, Sugiyama T, Wakamatsu A, Nagai K, Otsuki T; 
Cross reference: WPI; 2001-318749/34. 

Title: Primer sets for synthesizing polynucleotides, particularly the 5602 
full- length cDNAs defined in the specification, and for the 
detection and/or diagnosis of the abnormality of the proteins 
encoded by the full-length cDNAs. 

Patent format: Claim 8; SEQ ID NO 13202; 2537pp + Sequence Listing; 
English. 

Comment: The present invention describes primer sets for synthesising 5602 
full- length cDNAs defined in the specification. Where a primer set 
comprises: (a) an oligo-dT primer and an oligonucleotide 
complementary to the complementary strand of a polynucleotide which 
comprises one of the 5602 nucleotide sequences defined in the 
specification, where the oligonucleotide comprises at least 15 
nucleotides; or (b) a combination of an oligonucleotide comprising 
a sequence complementary to the complementary strand of a 
polynucleotide which comprises a 5 '-end sequence and an 
oligonucleotide comprising a sequence complementary to a 
polynucleotide which comprises a 3 • -end sequence, where the 
oligonucleotide comprises at least 15 nucleotides and the 
combination of the 5 '-end sequence/3 ' -end sequence is selected from 
those defined in the specification. The primer sets can be used in 
antisense therapy and in gene therapy. The primers are useful for 
synthesising polynucleotides, particularly full-length cDNAs . The 
primers are also useful for the detection and/or diagnosis of the 
abnormality of the proteins encoded by the full-length cDNAs . The 
primers allow obtaining of the full-length cDNAs easily without any 
specialised. methods. AAH03166 to AAH13628 and AAH13633 to AAH18742 
represent human cDNA sequences; AAB92446 to AAB95893 represent 
human amino acid sequences; and AAH13629 to AAH13632 represent 
oligonucleotides, all of which are used in the exemplification of 
the present invention 

Database: GENESEQ patent database {v200420, 23-SEP-2004) . 

719 98 0.0 737 aa 

BAB55404 unnamed protein product /pid=BAB55404 . 1 - Homo sapiens 
Species: Homo sapiens (human) 

Isogai, T. and Otsuki, T., Submitted (lO-MAY-2001) Takao Isogai, Helix 
Research Institute, Genomics Laboratory; 1532-3 Yana, Kisarazu, 

Chiba 292-0812, Japan (E-mail : genomics®hri . co . jp, 

Tel:81-438-52-3975, Fax:81-438-52-3986) Title: Direct Submission 
Locus: AK027841 



Accession: AK02 7841 

Cross-references: GI: 14042814; BAB55404.1; AK027841_1 
Database: GBTRANS 



### 

Tue Feb 5 14:54:11 2002 [BLASTN 2.2.1 [Jul-12-2001j , NCBI] 



/home/ruby /va/Molbio/carpenda/tempids/ss.DNA58723 (2846 bp) 
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16 9; 774pp; English. 

COMMENT Sequences AAS45925-AAS46231 represent DNA molecules encoding and PGR 

primers for PRO polypeptides of the invention. The sequences of the 
invention can be used to detect the presence of a tumour in a mammal 
by comparing the level of expression of a PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal. Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but are 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
the proliferation or differentiation of chondrocyte cells. The PRO 
proteins can be used to determine the presence of tumours and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in 
mammalian subjects. The oligonucleotide probes specific for the PRO 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 
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GENENTECH INC; Cross Reference: WPI; 2000-072883/06. P-PSDB; 
AAY66695; Patent Format: Claim 2; Fig 158; 822pp; English, 
COMMENT The invention provides membrane -bound PRO polypeptides and 

polynucleotides encoding them. The PRO sequences of the invention 
were identified based on extracellular domain homology screening. 
The PRO sequences have homology with proteins including LDL 
receptors, TIE ligands and various enzymes. The membrane -bound 
proteins and receptor molecules are useful as pharmaceutical and 



diagnostic agents. Receptor immunoadhesins, for instance, can be 
used as therapeutic agents to block receptor- ligand interactions. 
The membrane -bound proteins can also be employed for screening of 
potential peptide or small molecule inhibitors of the relevant 
receptor/ligand interaction. The PRO encoding sequences are useful 
as hybridization probes, in chromosome and gene mapping and in the 
generation of antisense RNA and DNA. PRO nucleic acid sequences will 
also be useful for the preparation of PRO polypeptides, especially 
by recombinant techniques 
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Wood, W.I. 

TITLE Eighty four nucleic acids encoding PRO polypeptides, useful in 

molecular biology, including use as hybridization probes, and in 
chromosome and gene mapping. 
JOURNAL Patent: WO200116318-A2 ; Filing Date: 24-AUG-2000; 2000WO-US023328 ; 
Publication Date: 08-MAR-2001; Priority: Ol-SEP-1999; 
99WO-US020111. 15-SEP-1999; 99WO-US021090 . 07-DEC-1999; 
99US-0169495P. 09-DEC-1999; 99US-0170262P . ll-JAN-2000; 
2000US-0175481P. 18-FEB-2000; 2 000WO-US004341 . 18-FEB-2000; 
2000WO-US004342 . 22-FEB-2000; 2 000WO-US004414 . Ol-MAR-2000; 
2000WO-US005601. 03-MAR-2000; 20d0US-0187202P . 21-MAR-2000; 
2000US-0191007P. 30-M7VR-2000 ; 2000WO-US008439 . 25-APR-2000; 
2 000US-01993 97P. 22 -MAY-2 000 ; 2 000WO-US014042 . 05-JUN-2 00 0; 
2000US-0209832P; Assignee: (GETH ) GENENTECH INC; Cross Reference: 
• WPI; 2001-183260/18. P-PSDB; AAB87544; Patent Format: Claim 2; Fig 
37; 278pp; English. 

COMMENT The present sequence is the coding sequence for a human PRO 

polypeptide (secreted and transmembrane) . The PRO protein, and PRO 
agonists, PRO antagonists or anti-PRO antibodies are useful for 
preparation of a medicament useful in the treatment of a condition 
which is responsive to the PRO protein, agonists, antagonists or 
anti-PRO antibodies. The PRO protein may also be employed as 
molecular weight markers for protein electrophoresis. The PRO 
coding sequence has applications in molecular biology, including 
use as hybridisation probes, and in chromosome and gene mapping 

FEATURES Location/Qualif iers 

BASE COUNT 768 a 696 c 745 g 637 t 

ORIGIN 

2846 100 0.0 

P_AAF44180 Human PR01344 (UNQ699) nucleotide sequence SEQ ID NO: 230. 846 bp, 

cDNA, PAT 02-APR-2001 
ACCESS ION P_AAF44 1 8 0 

KEYWORDS GENESEQ; Human; secreted and transmembrane protein; PRO; cytostatic 



cell death; cancer; chromosomal mapping; gene mapping; tissue 
typing; diagnostic assay; patent; patentdb (v200420, 23-SEP-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 



REFERENCE 
AUTHORS 



TITLE 



JOURNAL 



1 (bases 1 to 2846) 

Ashkenazi,A. J. , Baker, K. P. , Botstein,D. , Desnoyers,L. , 
Eaton, D.L. Ferrara,N., Fong,S., Gerber,H., Gerritsen, M. E . , 
Goddard,A. , Godowski , P . J . Grimaldi , C . J . , Gurney, A.L. , 
Kljavin, I . J. , Napier, M, A., Pan, J., Paoni,N.F. Roy,M.A., 
Stewart, T. A. , Tumas,D., Watanabe, C.K. , Williams, P.M. , Wood, W.I. 
Zhang , Z . 

PRO polynucleotides used to produce polypeptides used to target 
bioactive molecules such as toxins, radiolabels or antibodies, to 
specific cells, to cause targeted cell death. 

Patent: WO200073454 -Al ; Filing Date: 30-MAR-2000; 2000WO-US008439 ; 
Publication Date: 07-DEC-2000; Priority: 02'JUN-1999; 



99WO-US012252 . 
99US-0143048P. 
99US-0145698P. 
99US-0149396P, 
99WO-US021547. 
99WO-US028313. 
99WO-US030095. 
2000WO-US000219 
2000WO-US003565 
2000WO-US004414 
2000WO-US005004 
2000WO-US006884 
GENENTECH INC; 



COMMENT 



23-JUN-1999 
20-JUL-1999 
28-JUL-1999 
15-SEP-1999 
08-OCT-1999 
Ol-DEC-1999 
20-DEC-1999 
06-JAN-2000; 
18-FEB-2000; 
24-FEB-2000; 
02-MAR-2000; 
20-MAR-2000; 
Cross Reference 



99US-0141037P. 
99US-0144758P. 
99US-0146222P. 
99WO-US021090. 
99US-0158663P. 
99WO-US028301. 
99WO-US030911 . 
2000WO-US000376 
2000WO-US004341 
2000WO-US004914 
2000WO-US005841 
2000WO-US007377 



07-JUL-1999; 
26-JUL-1999; 
17-AUG-1999J 

15- SEP-1999; 
30-NOV-1999; 

16- DEC-1999; 
05-JAN-2000; 

ll-FEB-2000; 
22-FEB-2000; 
24-FEB-2000; 
15-MAR-2000; 
Assignee: (GETH ) 



WPI; 2001-032160/04. P-PSDB; 



FEATURES 
BASE COUNT 
ORIGIN 



AAB65218; Patent Format: Claim 2; Fig 158; 935pp; English. 

The present invention describes human secreted and transmembrane PRO 
proteins. The PRO proteins have cytostatic activity. The PRO 
proteins can be used for targeted delivery of bioactive molecules, 
such as toxins, radiolabels or antibodies, that cause cell death. 
PRO nucleotide sequences, and their fragments, can be used as 
hybridisation probes, in chromosomal and gene mapping, and in the 
generation of ant i- sense RNA and DNA. They may also be used to 
produce transgenic animals which are used to develop and screen 
therapeutically useful reagents. The PRO nucleotide and protein 
sequence can be used for tissue typing and in treating cancer. 
Anti-PRO antibodies can be used in diagnostic assays. AAF44270 to 
AAF44470 represent PCR primers and hybridisation probes used in the 
isolation of human PRO sequences. AAF44087 to AAF44269 and AAB65154 
to AAB65300 represent human PRO polynucleotide and protein 
sequences given in the exemplification of the present invention 
Location/Qualifiers 
768 a 696 c 745 g 637 t 



2846 100 
AX092306 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



0.0 

Sequence 37 from Patent WO0116318. 
DNA, linear, PAT 21-MAR-2001 
AX092306 

AX092306 .1 GI : 13444467 

Homo sapiens (human) 
Homo sapiens 



2846 bp. 



Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 

AUTHORS Eaton, D.L., Filvarof f , E . , Gerritsen,M . E . , Goddard^A., 

Godowski , P . J . , Grimaldi,C. J. , Gurney,A.L., Watanabe, C . K. and 
Wood, W.I. 

TITLE Secreted and transmembrane polypeptides and nucleic acids encoding 

the same 

JOURNAL Patent: WO 0116318-A 37 08-MAR-2001; 
Genentech, Inc. (US) 
FEATURES Locat ion/Qual i f iers 

source 1. .2846 

/organism="Homo sapiens" 
/mol_type="unassigned DNA" 
/db_xref="taxon: 9606" 

BASE COUNT 
ORIGIN 

2728 100 0.0 

P_AAA39951 Human TANGO 215 cDNA. 747 bp, cDNA, PAT 16-OCT-2000 
ACCESSION P_AAA39951 

KEYWORDS GENESEQ; TANGO 180; TANGO 181; TANGO 182; TANGO 183; TANGO 184; 

TANGO 185; TANGO 186; TANGO 188; TANGO 189; TANGO 215; TANGO 187; 
human; murine; secreted protein; transmembrane protein; gene 
therapy; vaccine; diagnosis; treatment; detection; patent; patentdb 
(V200420, 23-SEP-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 2747) 
AUTHORS Barne s , T . M . 

TITLE Isolated nucleic acids encoding TANGO polypeptides useful for 

preventing, diagnosing and treating diseases associated with 

inappropriate protein expression. 
JOURNAL Patent: WO200018904-A2 ; Filing Date: 30-SEP-1999; 99WO-US022817 ; 

Publication Date: 06-APR-2000; Priority: 30-SEP-1998; 

98US-00164220 . 02-OCT-1998; 98US-00164169 ; Assignee: (MILL-) 

MILLENNIUM BIOTHERAPEUTICS INC; Cross Reference: WPI ; 

2000-293144/25. P-PSDB; AAY88280; Patent Format: Claim Ic; Fig 19; 

24 9pp; English. 

COMMENT This invention describes novel human and murine nucleic acids 

encoding TANGO polypeptides (which are either wholly secreted or 
transmembrane proteins) which can be used for gene therapy and/or 
vaccination. The peptides are designated TANGO 180 to TANGO 189 and 
TANGO 215. The nucleic acids may be used to produce TANGO 180 to 
TANGO 189 and TANGO 215 polypeptides according to standard 
recombinant DNA methodologies. They may also be used to detect and 
quantify the presence of TANGO nucleic acids in a sample, and 
therefore identify or diagnose diseases associated with 
inappropriate TANGO expression (e.g. diseases related to over or 
under expression of the polypeptides or the expression of inactive 
polypeptides) . The nucleic acids and the polypeptides they encode 
may be used according to standard gene therapy protocols, to treat 
diseases associated with inappropriate TANGO expression by 
supplementing a patients own production of the polypeptide of to 
rectify mutations that may result in expression of an abnormally 
active polypeptide. The polypeptides may also be used to identify 
and produce agonists and antagonists of TANGO expression and 



activity which may be used to modulate TANGO related processes and 
diseases. The polypeptides are particularly useful for use as 
antigens for producing antibodies to TANGO proteins which may be 
used for inhibiting the activity of TANGO proteins. They may also be 
used to detect and quantify the presence of TANGO proteins in 
samples and therefore identify patients in whom the protein is 
over- or under- expressed. This sequence encodes the human TANGO 215 
protein described in the method of the invention 
FEATURES Location/Qualifiers 
CDS 37., 2199 

/*tag= a 

/product^ "TANGO 215" 
BASE COUNT 660 a 702 C 743 g 640 t 

ORIGIN 
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